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PREFACE 


'Phb sul)ji'cl (if Aiitoniiitic 'rclc|ih<iny rcijiiircs vt'ry special tn'atnu'nt, owinfj; to tlic 
infiiiito muss of (((.-tail from wliicli i1 is Imilf. and the eompIieat(‘d circuits diaiirams necessary 
to illtistrate it. 

* In tl(c jiast tlic diafii'ams lia\c either h(‘cn fragmentary or so reduced in .size as t.o he 
iuiiift«lli(j;ihle wlien made suitidile for a liook of ordinary size, I0\en \\ lu'ii folder shei'ts 
e liw'ii used. no. or oiiK shylit. attemjit has been made to sim|ilif\ the diafirams, tlu'se, 
in most eases, heiii}’reproduet ions of t he manufael urei's' diagrams. The latter are nood for 
the expert, oi- one familiar «ith the s\ stem. Imt are rarely suit a hie lor the si ud('nt or learner. 

This hook has for its ohjeels the making of this most eomplex suhjeet infellij;ihle to 
anv one havine some (deetrical kno«le(|ee, and that, not hy writini; (h.wn to the learner, or 
filvine scrap diagrams for each feature, hut hy reairanging the diagrams eliminating un¬ 
necessary crossing lines. simplif\’iug the foiin and h\ dividing them into sections when 
necessary, or eoutinuing them .section hy section, in such a way as to show the iH'lationship 
and iuti-reotmeetion of the s\stem as a v^ hole. 

This result is greativ facilitated hy a new im'thod of deserihiug the diagrams, which 
consists in mimlKU'inga eireuit from end to end with the same symhol, so that each eireuit, 
can he readih’ traced, dins method was designed hy the Author some \ears ago. and has 
hecn ti.scd in I’atent Speeilieatious. hut to the he.st of his knowledge has not h(>en nscal in 
hook form. This ai'rangemenl has heen called hnx n>nliiiij. as it resemhles the hiis route 
nnmhers used in ma]),s of London to show the route taken hy a hns from terminus to ter¬ 
minus. d'liis device also allows of a simpler and hriefer description. The eireiiits are taken 
intlu order of ojierat ion and nnmhef'ed progressively, so that Ihee.xpert can ^ead the diagram 
with only occasional reference to the text. The student will follow the text more car«4nlly, 
tiiid the reason for the pecnliai it ies of t he circuit. and the reasons for the particulai' dc'viecs 
or jiarts. and their functions. 

This method of designating eireiiits makes nnneeessaiy the scrap, or one feature, 
diagram. These are sometimes misleading as they eliminate the associated circuits ami 
show the feature out of jierspeet i\c. and t herehx' out of proportion, heing analogous to 
<inoting or extracting a paragraph or sentence from written matter, and losing the meaning 
it had when read with the context. 

1'he increased size of the page allows of tin' diagrams heing drawn to a eomjiaratively 
large scale, so that they can Ik* read with ('Use, h’older sheets hav(‘ heen eliminated as far 
as jiossihle. .[''or long diagrams, showing a system from end to end. wln-re ])ossihlc the 
diagram lujs heen divaled into sections. The hreaks in the continuation lines have their 
ends marked \^ith the*eirenit nuniher, so that the ga]) can he hridged I'cadily. 
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Folders iire used when llie cireuil diii)::riiiu is unsuital)le for division, mid such sheets 
only fold in one direetion. 

'I’he relays are drawn with the eontaels away from the windiii}; in many cases, hut the 
eonlaets are always kept in line with the core or eeittre ot the wimjing. TJiis jirevents the 
eonfusiny l•rossini; of lines that fri'ipii ntly causes a diayram t^ look more eomplieateil than 
it really is. The ^hoi’t doiihle line, or sinylc' thick line, is always rtie niovinf> spring that 
travels towards the coil when the cod is eneryised. The moving sjiriny then Ureaks from a 
hack contact, and makes with a front one, and the like. Ite.lays slow l(), de'Cnergise hv 
haviny a massi\ e riny of coppei' on the core ar<' shov\ n w it h t he.lower part ofd he core sha 

I!ela\s and maynets are dcsiynated hy the l•irenit .syml'iol, which is pretived hy the 
letter I! or .M I'espect i\el\ 'I'hc manufact lifers' designations are also given in the more 
important diagrams 

The lield covered |s practicallv t hi‘ whole siiliject of Antoni.itic Telephoiiv. and this is 
only niade praci ii ahic h\ I he Use ol l■olldcn.sed methods The important circuits and arrange- 
ini'iits of the principal slandaid or comnicrcial systems are ilhisirated and deserihed. 
()li\ ionsly t III' iletail w liicli is conmion to all is not show ii, hut representat i \ e evainjiiiS; are 
takiai from eaili. and sonic dealt with in detail on one svstein .ind other features in nuSre 
detail on ol her svsteiiis 

Fart icnlars arc also gi\ ell ol s \ sli’jiis w liicIi arc not so well know n. hut w Inch give such 
promise that it is reasonahlc to helieve in the fill lire tliev may lind a place in piihlic use. 
Till ‘se will he 111 I destiny also to the st in lei it or inventor w ho desires to enter into the spirit 
ol automatic design 

.\rranyemenls and devices ol well known maiintactiirers anil inventors, which have 
heen dcsiyiied to till a known reipiiienieiit hut have not vet heeii inirodiiccd into public 
service, are also show li 

I iideed, flic hook in addil loii to dcscrihiiiy the well know n sv steins cic.irlv and siiccinetlv 
also amis at indicatiny the possiMc trend ot fiiinre dev elopineiits 

It is fell hv the .Viithor Ih.il the suhicci of .Automatic Tclephonv i' in a more iiiistahle 
eonditioii to dav th.in at anv period ol its evislcncc. It is in a state ol llii\, and the i(iieslion 
of "standardisation " iiiiist he postponed lor several veal's, at least I'hc Western Flcctric 
('ll., with its " I’aiiel ' sV'lem coniposed of .-lOn line switches, chalicnyc the world that 
that is the only cflicieiit traltic-cari v my niediimi for the great cities ol the world, (tthci 
designersjiiiist meet that challeiiyc. and we have the haltle of large and evpeiisive switches 
/■cr.s'i/.v small swilehcs, with or without special wiring .schemes. 

Tclephonv has alreadv pas.,e 1 thronyh two great phases and is entering the second 
sei'tion of a third, vi/, , mayiieto and local hattery working, l■onlnlon haltery with lamp 
.signalling, and Anlomatic or iiiachnic switchmy. the two former hemy manual systems 
and the latter eliminating the In man factor e.\cepl for special .services. The first .section 
of the third phase is the n.se of KMl and 2(1(1 Ijne sw itches, the former heing a decimal system 
and the latter a non-deciinal .system. The second section is the access to very large groiijis, 
1 '.;/., I,(too lines 

Owing fo the incessant change, the eoniiiiiioiis advent of new development, it has heen 
felt neee.ssH'ry that a new hook on this suhject. that aims at heing kept up to date, must 
have s[)eeial faeilitu's for eliiiiiuating ohsolete inaMer, for putting ohsolesceni features in 
their projier relationship to the, whole, and for readily adding new devclopiuents as they 
apjiear. lirstead of the usual Chapters the hook is divided into short Sicliijji'-. section 
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is iiici'cly ii division mIucIi in;i\ contain one or several fJifee,'-, and may deseribo one fealuie 
or a system. It will contain such matter tl^it may rea<lily bc' replaced by new. if it slionld 
boconio of little valiii’ or be abandoned. 

The Author di^iires to expre.ss his ii|dehtedne>s and t hank' to all thosi' w ho have assisted 
him by furnishin|!: iiderotiii” mattia’. particularly to Sir W illi,am Slineo. late Eni'ineer in 
(liief, (i.J’.O. ; Sir W illiam iAoble. .Memla-r of Council. Institution of KIcetrical Engineers, 
tEllfrineei'in (jhief, (l.l’.O. ; the Ollicials of Western l^leetiic to. Automatic Electlic Co. 
Automatic Tcl('j)hone Manufacturinu Co.. Siemens Ifrotheis & Co,. Uelas Automatie 'I'ldc- 
])h()nc Co.. Co\ entry .Automat i( Tele phones. Ltd.. ,ind m.an\ Iriend-' w ho hav(' yiven valuable 
assisfance. 
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The State of the Art.—Antoiiuitic switching of tclcplionc lines in an exchange area 
is the only ellicient ajid t<eon()inical niethoil of intereonneetion. 

• Manual switching has s<‘rve(l its day well and faithfully, hut it lias depended for it.s 
success as largely.on the orga«iisation and drilling of the human factor as on the machine. 

* The trallic growth in large multioffice e.xchanges or areas : the necessity for the cfwreet 
selection f)f suitalne circuits for transmission effici<‘ncy : the varied and complicated services 
required : the ])rom])t and highly efficient service called for hy the jiuhlic : the increashig 
♦lifficidty of obtaining a good class of operator, owin^; to the ojiening up of other spheres of 
usefulness to women, among other reasons, have all helped to sound the death-knell of 
manual working-- cxce^rt. in small oiiices—ami proclaimed the necessity for machine 
s wife lung. 

Automatic switching is a long uay heyond the exjierimental stage. It has proved 
itself capable of meet inn all the conditions of modern business and social requirements, 
and that, in a manm'r. the manual s\steni could not touch. Its untiring activities for 24 
hours of the day. its reliability, its exactness and coi'rit’tness of o])eration. its capabilities 
for meeting abnormal rushes of traffic, all place it on a ]ilatform a])art, as the oidy hope 
and stay of the business and social community. 

Financial and political reasons in the j)ast have I'rcatly hanqx'red its development— 
and that. ])articularly. in the I'nited States of America, which is usually held u]> before us 
as a pattern of telcph(ani- efficiency. The American 'I'elcgraph and 'I’t-lejihone Co., commonly 
called the Bell." has. until <pnte lately, refrained from installing and left the develo])ment 
of the automatic system to the “ inde])end<‘nt " o))erating com])anies. 

The sjstcm of the Automatic Electric Co., of Chicago, the "Stronger." is practically 
the only system usetl in the States. Jfut the experience of that Company has been unfortu¬ 
nate in many respects, due to external inlluences. W’ith amazing energy and foresight it has 
developed the somewhat crude and cumbersome' system, invented by A. B. Strowger iti 
iHSit, into a comjiaratively simple and highly efficient system, capable id mi'et.ing all traffic 
conditions. For this Mr. A. E Keith, their chief engineer, is largely resjamsible. Their 
system has been installed in many of the great cities in ojqeosition to the " Bell " interests, 
but in some, r.i/.. San Francisco. Chicago. Buffalo and Los Angeles, the op]>osition tias been 
too much for them and these automatic iTistallations. the largest installations in the States, 
have been aequired by the Bell interests, and in some ca.ses the automatie equiptnent has 
bc'en abandoned. 

The Strowger sy.stcm has been instalk'd and is ajij)reciatt*d in nearly every country of 
the world. 

The Ameriean Telegraph and Telephone Co., while refraining from introducing the 
automatie system coinniereially, have been for some years, through the Western Electric 
Co., developing a .system technically, and, it is believed, will shortly begin rej)laeing the 
present manual plant.. Their “ rotary ” system of machine switching i* well known in this 
country. It is expected, however, that they will j)ut their “ Panel ’’^y.stem with .'iOO-line 
switches on the market soon. ^ (l 

The Automatic Telephone Maiyjfacturing Co. of this country use the Strowger (Aul.o- 

A.T.S. 
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matic Electric Co.. Chicago) system and have lately introduced a self-propelled rotary line 
switch, instead of the Keith line switch, which greatly enhances the value of their system. 

Siemens and HalsRe, in fiermaiiy, and Siemens Brothers & Co., in this country, use a 
modified Str()Wger design. The latter compan3' have made mai^v impori^ant modifications, 
and now jiossess a very original and eflicient system. 

The Relay Automatic Telephone Co. have made a departurf from the beaten track, 
and adv<Kaite the use of relays on/// for installatifins of all sizes. They havle a number cS 
small exchanges in operation. • • ^ 

The Ijorimer .system has l)een in use in .some towns in Canada for a coijfiiderable number 
of v'ears, atal it has been titled in Hendord in this countiy. 

The work of the North Electric Co. is not known in this country, but their auto-manual 
(semi-a\it(unatic) system has been installed in a number of towns in the Ihiited States. 

d'he Coventry Automatic 'r('lephones. Ltd., are about to ex|)loit this system and have 
arranged to instal an exchange in Dundee. 

The American Aritomatie 'IVlephone Co.'s system is not known in this country^ 


The use of large instead of small switches is likely to be an important and momentous 
question in the near future. 

The Strowger system uses lOO-line switcdies, with the line contacts in It) levels of It) sets 
in the arc. a set of wijters being ste|)ped up to the required level. _ 

The Western Kleetrie Co. use a 2))t)-line switch with It) levels of 2t) contacts in the iirc. 
There are It) sets ot brushes, the brush associated with the required level being trijiped into 
(•ngagenuait. 

In the \V. E. Co.’s panel system the switch has five gro)ij)s of lOt) sets of terminals, 
with a set of W’ipers assoi^iated with each. The wij)ers. of a particular set, are tripjred into 
engagement, and then stepped over line contacts. 

The Relay Automatic 'rele|)hone Co. is advocating the use ot relays only for the connec¬ 
tion of a calling line to one of a grou]) of trunk lines. 

In the Strowger system, obviously, a calling line can have only a(ae.ss to 10 sub-groups 
each of 10 lines of outgoing trunks, d’he traftic. therefore, from a number of lines must be 
measured tg suit the carrying ea])aeity of 10 outgoing trunks. There is thus sub-division 
()f the outgoing tniuks into sub-groujis of ten lines. 

In the Western Eh'ctrie (li.'s sv'stem there may be sub-division into groups of 20 out¬ 
going truidis as there are 20 contacts in a level. In their panel .systi'm there are hot) con¬ 
tacts, and therefore five groups of 100 trunks available to each incoming line. 

The sub-grou](s of outgoing lines, as above, are 10. 20 and 100, to w'hich each incoming 
line has aec^ess. * 

It is known that t he larger t he grouj) of lines, the greater is the trallie carrying capacity 
of each line of the group ; therefore a 2t) line group is more efficient than a 10. aiifl a lOO-line 
group is very much more efficient than either. 

Against thi.s efficiency there has to be placed the greater cost of the switches, and their 
maintenance, and rtm increased difficulty f>f routing a call. 

It is po.ssible tllit small switches, in combination with a s|HHrial sub-divi.sion of the 
trunks, inav be found (piite satisfactory. o 

The problem is one of the most interesting before ^telephone engineers at the moment. 
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Section 2 

A FEW DEFINITIONS 

The Exchange. - Originally tho term exchange was used to designate the inter¬ 
communication system (wer which a suhacriher had the right of connection for a given sum 
^aid. The exahange was divided into switching rooms for the convenience of the exploiter, 
or provider of the system, aiKl the telephone numbers were continuous over the whole area. 
As the numl)er ^)f subscriliers grew this became impracticable without using numbers of 
many digits, which were diflicidt to remember or reiieat. The eaiiacity of the manual 
switch board was, therefore, adopti'd a.s the highest telephone numlier, and these numbers 
were prefixed by the names of the dilfcrcMit switch rooms or ollices. The switch room, or 
office, was very generally known thereafter as the exchange. 

With the advent of t he automatic sy.stein of working, it seems advisable to revert to 
th^ original definition. <as the telephone numliers now run eoirsecutively over an area, and 
the system is again divided into switch rooms, or offices, to suit the economical distribution 
of the 2 )lant. 

W'e have, therefore, a xuh-sialion at the subscriber's office, which may consi.st of one, 
or a plurality of direct lines, or a small .switchboard. • 

An oJljia', which is a sub-division of the main |»lant. 

An f'.rchunge or multi-office .system which has a common mimhering scheme, anil ov^er 
which full interconnection* is obtainable for a given sum to be paid. Kxi'haiiges are connected 
together by trunk or toll lines, for which an extra fee is to be charged. 

The Plant.—.A ])resclector is a switch that automatically selects an idle line of a group 
when the receivi^r is lifted, i.p., jirior to any fligit impulses being sent. It is therefore some¬ 
times called a pre-digit or non-minierical switch. It may be either a calling-line finder, i.e., 
has a backward hunting motion, or a trunk finder having a forward hunting motion. 

Se^oudnrg im’tudeclorx are generally used in combination with the former, which are, 
therefore, known as primary priwideA‘U)rii. 

'The primary preselector, when one is associated with each calling line, is frequently 
called a line xunffh. 

Owing to the use of comparatively small grouj)s of lines and the consequent sub-division 
of tho tr\ink group, the mnnber of trunk lilies and first digit switches to which ^le trunks 
are wired is excessive. iSecond preselectors are therefore interposed to reduce the number 
of first selectors required. The second jireselectors may be of any of the forms described 
for first preselectors. 

'I'lie Strowger-Keith switch is a true preselector, becaase an idle trunk has already 
been assigned to a potential calling line. When a trunk is taken into engagement the 
master switch moves all jilungcrs of calling lines to a jioint opposite the next idle trunk. 
Tho Siemens switch hunts for an idle trunk after the receiver is lifted. 

In the Western Electric Clo.’s system the preselector is of the call-finder tjqie, and hunts 
for the calling line after the receiver is lifted. 

In.the Relay Automatic Telephone Co.’s system the relays instaijitly connect a calling 
line with an idle trunk. Common relays control the instantaneou^operation of the con¬ 
necting relays. • I 

Selectors or Group Selectors .—These automatically select an idle line in a group of lines 
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corresponding to the impulses composing a digit sent from a dial sender.. Tliesc liave usually 
10 levcils which are 10 sub-groups of trunks, corresponding to the digits 0 to 9. 

Ill an installation 'there may be first, second and third selectors, or even a fourth 
according to the size of the exchange. One selector gives a capacity of 9991ines, two selectors 
!),999, and three selectors 99,9!l!». The two last digits in each case are taken by the connector. 

In the Western Electric ('o.'s selector the first and second thousands, and the like, are 
taken by the same selector. 

donnerAora.- -1’hese are sometimes called the /i/ioV sw'iteheS because they are associated 
with the two final digits of a sub.seritier’s number. One digit controls the stepping up of the 
wipers to a particular level, or group of ten lines, in the Strowger .switch, and the last digit 
stejis the wipers round to the particular unit. 

In the W. E. Co.'s 2(t(t-line final switch, th<' tri])ped wiper connects in the left- or right- 
liaml half of the 20 contacts of a level, according as the digit is an odd or ('ven number, 

'I'hc mechanical con.struction of a selector and a connector are very similar. 

A .selector is sometimes caused to resjiond to two digits for the two niovcincnts of the 
shaft, and is then called a .sd(‘Ctor-cim>i<rtnr, or a liro-diyit tielcrior. 

A coniMHitor is sometimes caused to automatically sc'lect an idle line in a group chosen 
by two digits—as in P.Jl.X. working. It is then called a rotary roniic.rlor. 

The selector and connector are provided with ii'iye.ru, brushes or arms, which sweeji over 
the contacts to find a desired line. 

The. contacts arc arranged in firtiil’.s made up of a plurality of rows or levels. The levels 
have usually three contacts jiei- line. whi<di may be grouped in parallel lines, or the two 
talking contacts may be one over the other, in one bank, and the test contact in another 
bank. 

The first preselectors in t he Strowger system arc arranged in KMI-line |iancts, or units, 
with the connectors for the same subscribers’ lines fitted in the rear. I’sually ttm ari' fitted 
on each 100-line unit with cajiacitv for l.'i, to allow for traffic giowth. and for trnnk-olVering 
and testing connectors. 

Lines.- A line is a coniplctc metallic circuit and is made up of an A and a B wire. 
The A wire is that which is connected to the earthed, or positive, jiole of the battery when the 
line is idle. The B wire Ls connected to the negative pole of the battery. 

When the line is fietw-een sw'itclies in t he same office, there is a third wire called the, C 
wire, or the guard w ire, 

'I’he designation of the lines interconnecting ajiparatus at different switching stages, 
whether near together or wide apart, is somewhat confusing. The American generally 
speaks of these as (irawAw, whi<ii jiractically is equivalent to our jutifAionx. The author 
pleads guilty to using both terms for the same, thing. 

The term trunk or junction is therefore used for circuits between apparatus at one 
stage, and apparatus at another stage. For example, the circuits between first and second 
preselectors, second preselectors and first selectors, first and second selectors, second and 
third selectors, and third .selectors and connectors, are all trunks or junctions. When any 
of these circuits are, between two offices, they are termed inler-offtcf, trunlfi or ynwUonn. 

'Very colnmonlJ^^^he lines between exchanges in this country, and for the use of which 
an extra charge is mad' for each conversation, are known as trunks. For these the American 
terms toll line, or hng-mstance line, is used. 

’ er terms wiU be defined when dealing with particular systems. 
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FIltST PRINCIPLES 


Section 3 

FIRST PRINCIPLES 

• 

The object of the toleiihone exchange is to connect one of a*group of lines to any other 
one of the same grouj). In manual telej)hony an operator, in respftnse to a signal, connects 
one end of a flexible cord to the caller's line and, after learning his requirciucnts, connects 
the other enfl of the same cord ti the line of the pjirty desired. When conversation is 
finished, a signal is given to the operator, who removes the tem]»orary connection between 
the two lines. The automatic sw'itch is ])rovided to make and sev'er contiections without the 
liuman intermediate agency by electromagnetic means, under the control of the party 
desiring the connection. 

In a group of 10 ])eople desiring automatic intercommunication, 10 switches will be 
rccpiired (Fig. I), each having 10 sets (»f contacts and a wiper, or flexible s])ring, ca))able of 
being juoved sle|) by .stej) l)y electromagnetic means, according to the number of times the 
magnetic circuit is opened and ckised. In a metallic circuit system there will be three layers 
of 10 contacts, ari'anged in 10 sets of three. 'I'wo contacts of a set will be associated with 
the talking circuit, and the third will be the test tdremit by which, when a line is busy or 
engaged, the circuit to the wipers w’ill be held open, and when the' line is idle, and thcr«‘fore 
ready to receive the <)ffered connection, the wij)er circtiit will be com]»letcd to join 
the two lines together. Then' arc three wi])ers corresponding to the three contacts or 
terminals. 

An incoming line of the group is connected to the line wipers of cacdi switch. In the 
line cinmit is a relay which responds to impulses sent by the caller, which repeats these to 
the stepjhng electromagnet. The corresponding terminals of all the switches are connected 
together by insulated wire.’ Each set of three wires is connected to its associated subscribers’ 
line through a normal contact, represent'd in the diagram by an ('xtra conta<’t placed at the 
beginning of the arc of contains, on which the wii)cr normally rests. It will be noticed that 
this contact is connected to a different multi])le line on each switch. When the nii)er moves 
from this contact, the multiple line is entirely insulated, and should, therefore, test as busy. 
The caller’s multijde mirst nf>t. be made use of whilst he is seeking connection with another 
party whose nndtiph' will test idle if the wi})ei’ of his switch is on its local, terminal, or normal 
position. 

If No. 1 desires to talk with No. (5, he will lift his n'ceiver, and by ju'essing a key. or by 
other suitable means, ojicn his line, circuit five times. His line relay will cause the electro¬ 
magnet to step the wipers round to the fifth set of contacts, when, if the line is idle, connection 
will be completed with the party called. 'The ciillcd party may be rung in any' suitable 
manner. * 

When the ret-eiver is rejilaced after conversation, a release magnet will allow the wijH-'r 
to be rotated to the normal position. 

Fig. 4 shows a small switchboard for five lines. A connector is associated with each 
line. Each two-wire line connects thnmgh relay contacts to the wipers. 

All the lines of the group are multiplied together on the banks of each switch, and the 
test circuits are simlbrly multiplied on other (the upp«'r) banks. From the line side of each 
switch three wires al* carried to, and attached to, th^ multiple wiring, two wires to the line 
multiple, and one to the test. 'When a call is made, ss^y by No. 01 calling 05, No. 01 wijwrs 
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are rotated to the fifth net of terminalu on the hanks, wlien connection is made over the 
multiple to the thret;' wires connecting directlf with the line of 05 ; that (jonnector then being 
tagged on to the line, but insulated therefrom. Both lines are made busy to other calls. 

In a 100-linc exchange the comiectiions would be similar, but the connector would have 
vertical and rotary movenfent. 

To increase the ea|«icity of the installation it is necessary to increase the size of each 
Switch, and again |)rovide one for each line. The usual way of increasing the size of such a 
switch is to provide a j>hirality of levels 10 si^ts of three terminals), placing them one 
over the other. ^An additional electromagneli is recpiired to iirst stej) uji the wi|iers to the 
required level of tens, and then the wi})crs are rotated to Hk' re(|uired unit as before. 

The tens digit impulses formerly were sent over one wire of the subscriber's line, then 
one impulse over the other to change over the circuit to the rotary magnet, and then th(> 
units impulses were sent over the former wire. 



As the connector for 10<» liiu's is an expensive piece of aj)j»arat us to as.sociate with each 
subscriber's line, it has become the, standard |)ractice to associate a cheap rotary switch with 
each line, these having access ts) in 10(1 line connectors. Such an arrangiMiieui is shown in 
Fig. 2. Tlxi line switch IthS is drawn in the same maimer us t he 10-line connecter (Kig. 1), 
but in this case it is a rotary preselector, i.e... when the receiver is lifted the wiixTs, under 
interru})ted electromagnetic control, continue to step from terminal to terminal until an idle 
line is found, independently of any action of the calh'r. When an idle connector is found, 
they come to rest, so that the calling line is automatically extenihsl to th(‘ wipers of a con¬ 
nector. Each connector has the total lines multiplieil to its banks, there being 10 levels of 
10 sc-ts of terminals, with the corresjionding terminals on each switch multiplied together. 
In Fig, 2 lino No. 0 is supjtosed to have called, and the line sw’iteh has found an idle line to a 
connector on the seventh terminal. The tens digit imimlses are iU)W sent from the dial 
impidse-sender on the subscriber's instrument, and the wi])ers are raised to t he correspomling 
hjvel, c.g., 7. The units digit impulst's are then sent' ami the wiper wtlat(>d step by step to 
the corresponding terminal, e.g., 7. 'riiis terminal has its nmlti|)lef\viring connected back 
to the subscriber’s line 77, as indicifted by the symbol 0. When the miciver is rej)laecd, the 
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line switch wiper.'- return to normal, and the eonneetor wipers lirst are rotated counter¬ 
clockwise under .spring control, and then fall Wy gravity to the normal po.sition. 

In a 1,000-line exchange there may he 10 groups t)f 100-liue switches as ju.st described, 
each grouj> having accc.ss to 10 lirst selectoi's, each K*vel of the hanks heiijg multiplied to 10 
lOO linc (ionnectoi's. In this case there would he 100 first selectoVs. As these are expensive 
switches, it is found more e(a)nomical to fit second preselectors, and reduc'c the number of 
selectors to ."io to 70 as rc(iuired. • ' 

Fig. :J show-, the use of first ami second pre.selectors in a l.OOtt-liue exchange. The first 
vertical row of switches rc]»resents lo gi(»u])s of 100-line switches or first pj'eselectors. T’fio 
second row represents .second ])reselcctors, which reduce the trunk or interconnecting lines 
from loo to .'>0, The latter figure has h(>en choscu simidy la-cause it can la- readily indicated 
in diagram, to which generally the arrangement does not lend it.self. 'I’wo lOO-linc groups 
of first preselectors are not merged into one group of secoml preselectors, as shown, but all 
the lines from the first switches are distrdiuted over all the second switches according to a 
spc<da,l formulii, which is described elscwlicit-. To simplify the diagram idso, the selectors 
arc shown lying on their sides, with the sliafts horizontal instead of being vertical. Each of 
the ten h-vc-ls connect to 10 connectors, each lo being associated with a different 100 lines of 
the total 1,000. 

We will a.ssumi- a call being lUirtit- h\ .\o. lOO for No oTO The rect-iver having been 
lifted, the line switch, as shown, has found an idle line on tin- tt-nth terminal, and extended 
the calling line to the wijier of a secoml iireselector, which find-, an idh- lini- on the first 
terminal, so that the callers line is i-.xtcmh-d to an idle .selector without any further act on 
flu- part of the calh-r. lb- now .sends the hundreds digit five b\ the ini|iulsing dial, ami tin- 
shaft sh is lifted sti-p by sti-p to tin- fifth level. The wipers then automatically, and without 
his control, pass from t(-rminal to terminal until an idle lint- to that partiiular group of 
connetd'ors is found. 'I’he tens digit, is now called, and tin- shaft is stepjied up from tin- 
normal position to the seventh h-vcl. The units digit is now called, and the vvipers are 
rotab-d undi-r dial control, until tin-y reach the sixth terminal, where they come to rest ami 
join the lim-s log(-ther. The circuit just dcscrilicd is identified by tin- symbol 1. When tln- 
r(-cciv<-r is replaced, tin- line switches n-turn to normal, as before dcscrilicd. The s(-cond 
preselectors may or may not return to normal, depending on the system employed. Tin- 
selectors n-turn in two steps in the saim- manner as the connectors. 

In a in.Odo line system, tiu- arrangeim-nt is similar to that last describ(-<l, with the 
addition of a group of .si-k-ctors between the .second preselectors and the selectors formerly 
shown. The m-w selectors are now known as the first seh-ctors, and those shown in Fig. .‘f 
the second .selectors. The multiple of tin- lirst .selectors consists of 10 levels or groups of 
outgoing trunks, each conm-cting to a different set of second selectors eai h associated with 
a different l.OOO lines of the total. Tin- multiplying of tIu- s(-cond selectors to connectors, 
and the multijilc of subscribers' lines on the latti-r, is as before described for Fig. 4. A 
caller now first ilials a thousands digit to ojierate the first selector, then a hundreds digit to 
actuate the second si-h-ctor, then feus and units digits on the connector. 

In a KlO.nun line, or five digit (tMl.tlliil), system (Fig. a) still another .selector is intro¬ 
duced between the .second preseh-ctor and the former first selector. The m-w selector now 
becomes the first seltVtor, the former first the s(-cond selector, and tiu- om- preceding the 
conneetors the thiril sjlector. The syst(-m may consist of lit different offices, each with ti 
cajiacity of in nun lines, or two or more fn.tinn units may be in ofu- office. The lirst digit 
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called selects a 1((,(100-line unit, the second a l,(»00-line unit, the third a 100-line unit, and the 
fourth and fifth the tens and units. • * 

The switehc-s showji and descrihed are peculiarly suitable for a decimal system, but as 
will be afterwards described, the switches may bo•sirraiiged for non-decimal calling. The 
arrangements shown may be modified by wiring expedients ter give a greater number of 
switches when required to cope with a heaviiT calling rate. For exjinnple, the third selectors 
may have the nndtijde length on the bunks dividc'd and so give access to 20.connectors, or 
each multi])le Ic'iigth of circuit may iie divided one by one as recpiired to meet traffic growth. 
For example, the multiple connectc*d to No. ) terminal on a level may be halved, and cath 
half joined to a connector, when the connectors for one group of 1(10 lines will be increased 
from 10 to 11. No 2 terminal innlti])l(^ may then be divided similarly, and the connectors 
increased to 12, and so on. Similarly, the first selectors with 10 lines to each grouj) of 
second selectors cannot be sufficient for both a 1,000 and a 10,000 line exchange as shown in 
the diagrams, but the multiple lengths may be divided in the manner described to increase 
the second selectors to any number required for the traffic. 

Instead of attcmjiting to increase the mimber of trunks from the first preselc(dors, it is 
generally preferred to decrease the number of subscribers' lines in the unit. In very busy 
exchanges, the Stronger line switch unit can be used as two oO-line groups. 














12 DIAL IMFULSK-SENDERS ON SUBSCRIBERS’ INSTRUMENTS 


In till’ Strowgcr system, the duratifm (if an imiiulsc is from the heginniqg of a break in the 
eireuit, over the re-make, to the beginning of the next break. Until rteently the duration 


of make and lireak were-about ('(tual, hut in the latc-r dials of the A. T. M. Co,, the break is 

* now -(11 of the impulse instead of -ri. 
The Siemens' break is about -SS and 




the \V. E. Cfi. about -12. 

The eirenit-ehanging is now 
effected by speeial relays, whicji 
energise in the loc^al circuit of the 
line or im|iul.se relay, when the 
n-ceiver is lifted. Such relays are 
made slow to d(--energise, usually by 
having a mass of eojijier surrounding 
the end of tlie core, which acts ai^ a 
single turn to |ireveul the rajiid de¬ 
magnetisation of till' eorc'. These 
relays energise ininiediately after the 
ini|)ulse relay, and remain energised 
wliilst the former is de-energising and 



re-energising in res|M)nse to the im- 
jndses, hut de-energise when the in- 
terru|ition is longer than an im])ulse 
break, or opening of the circuit. 

This is not the invariabh' method 
of changing over. In the AVestern 
Electric Co. s system, a long inter- 
ni))tion of the circuit at 1h(' end of 
a train of impulses allows a relay, 
made slow to energise, to energi.se 
and liring about the change-over to 
another regi.ster. Otlu-r variations 
will be pointed out lati-r. 

In the earl\ installations, the 


.. impulses were sent hv kevs or iiush 

l•’I(.. Id.—tv K Co s In.M. ' . n ; 1 '■ 

luittons, a plurality of keys Ix'mg 


provided, one for each digit of th(‘ hundreds, tens and units. These proved unreliable, 
as the subscriber could not be depiuidt'd on to depn-ss a key the correct numbt-r of times, 
according to the digit. 

To the Strowger Co. of Chicago belongs all the credit for evolving the dial imjmlsc- 
sender. which is now universally adojited. It is jiractically fool-])roof. and eminently 
fiiiitable for use by the geiu-ral jiublic. Externally it is a rotatable disc with a series of holes 
near the outer edge through which figures which represent the digits ap]>ear. At a point on 
the path of rotation ^s a fixed sto]). A linger is to be placed in the hole corresponding to 
the digit to be calk'd, IWid the dial jilate rotated clockwise until the linger comes against the 
fixed stop. The dial (^ifinot be rotatial counter-clock wis%. The rate of pull is of no moment, 
as the impulses are sent out as the dial ri'turns to normal under sjiring control. 
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Illustrations of several dials are given as used by different eoiupanies, but all have the 
same fundamental features. • 

Figs. 0 and 7 shou' the dial as made by the Automatic 'I'elejihone Manufacturing Co., of 
Liverpool, Figs. 8^and i> the dial as niAde by Siemens Brotliers & Co., of Woolwicli. and 
Fig. 10 three views of the dial made by the \V\‘stern Electric t'o., of W(»olwich. in the two 
former, the figures are aM-anged 0. It . . . 1 eloekw'ise. t he setiond having u greater interval 
bfetween 1 amUthe fixed stoj) for reasons to be explained. TIu! W. E. Co.'s dial is arranged 
0, 1 . . . !) clockwise, foi- reasons also to be explained. 


Section 5 


DIAL ADJUSTMENTS 

Automatic 'rclc|)lioiie Manufacturing (t).'s dial. Figs. II and 12 give a bettci' idea of 
the mechanical airangcmerits and the relationship of parts, the more imjxutant parts being 
named on the drawing. ’ 


Governor 

Springs 

Bracke't 



Dial 


Dotted t 

Course of Spindle 
from Diaf '—• 


RatchetSprin^ 
Dial LocRln^, 

’Fibre 

InterruptinL. , 

Cams ‘fm^erStop 


T. .M. Co (STiiowonit) Dfai.. 


Number Plate 



'mpulseSprin^ 


extended Axle 
fromDialwith 
Spiral Spring. 


EbomteStop 


" Bracket 


FlO. II.— JtEAU t'lmv WlTlt Co.NMlCTINO 
STKies JiEMovno. 


Kio. 12. SioK ViKw Avrai Tkk- 

MINAt.S HKMOVnO. 


The following details of the adju.stmcnts and eon.struclion will bi“ of interest;— 

•When the dial jilate is rotated the ratidud spring should fall into the second latchet 
tootli just as the front of the finger stop ])asses through the centre of the first, finger hoke 
Tli(! conical main spring should have between one and a half and two turns counter¬ 
clockwise. The main .spring bu.shing shoulil raise the front shunt about of an in. from its 
opjiosing contact on the impulse spring. The sliunt sjiring should bt^ so adjusted that it 
does not cut into the main spring bushing, and should follow the imjudje spring of an in. 
when in contact with it. When the dial is operated tlie main spring n^ist. not bulge out and 
touch the governor hub and cause slow return. ^ 

The imriulse srirings •shovdd break contact at the instant the fibre! cam jiasses through 
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the tij)8 rtf the springs. The tips of the springs should not be opened in order to reduce the 
friction, but at the same time they should not be so clo.se as to short circuit the contact 
points. Daylight should just be visible between the tips. 

'I'he tension of the sjtrings should be such thal the inner .spring wijl follow the outer 
one until its end lines uji with the upirer side of the fibre cam*. '^I’lie mate spring should 



A. 

Norma 1 
Position. 

B.Dial puHecjl 
awau from Nor- 
Position. 

C 

Dial Preei) 
to Return. 

Jf and Jz 
in Contact, 
"5z"open. 

“Jt'.’Jz and 

, sr&i 

m Contact. 

Interrupter 

Springs 
"J2’'.open g/p’ 
Cuit."Su5z‘ 
m Contact 


Note - ’j/e^'sl'are assembled :n cant act 


Ki(i. i:!. .\. T. .M. ('ll. Dim. I.mci i.^i: .Simiim.... I’li'imriN or iMecLSK 

.Sl'KIMls lu III.Nl. (Il'KHrnil.N. .Vc, 


behuve similarly. The outrT sjiring .should follow the inner one wlitui it is deftectr^d until 
its end lines up with the lower side of the fibre cam. 

The impulse •■sjirings should be deflected erpially w hen the cam is rotated by the finger 
plate. They should be free of the earn centre and only touelu'd by the cam wings. 



PlO. ft.- .\. T. .\f. Do. t)IM. TKSTINO ('mil it IdK CSK IN WoRKHUoe. 

■ The contacts are to be ojieraterl as shown in Fig. 11! at A, B, C. The shunt spring (to 
short circuit the telefthoiu') shoulil not break prematurely. It should break just after the 
impulse springs have clirsed at the end of the digit. 

The most efficinrit operating speed is 10 impulses per .second with a maximum of 12 and 
a minimum of eight. ^ The spetsl of dials should be checked on the dial spesd tester fitted on 
the test desk. Such ti'sters should be fitted also wherc^dials arc to be adjusted. A suitable 
circuit, as used by the Britisli Dost Office, is shown at 14. 
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The dial speed tester can be tested at intervals against a telegrapii inker as follows :— 

An ink mark to correspond in length witli four seconds is made on a tape. A fourth 
yt this is to he taken us a standard. should he taken, from a dial of 10 impulses 

From the digit O, dn a slip. , The length from (he beginning of the first break to the end of 
the last break, when compared with the standard length of tape, wilt give the sj)eed of the 
[^al. The dial should be adjusted until the two lengths are etpial. 'FIk' dial will then be 
running at a speed slightly slower than 10 impulses per seeoiul. The dial stiouhl then be 
t«ied on the dial speed tester and, if the latter is not correct, the length of the i)endulum 
should be adjusted accordingly. 

To adjust the s|)eed of a dial the governor wings should b(> slightly bent with a special 
tool close to the governor balls, so that the adjustment will bring each ball to exactly the 
same distance from the inside rim of the governor cup. The governor wing must be adjii.sted 
so that the governor Italls do not' ruli on the sifles of the aluminium hub noteht's. There 
should be about of an in. ])lay between the governor shaft ends and the agate bearings, 
with which each bearing screw is provided. Care should be taken in turning the Ix'aring 
screw into the lug at the worm end of the gov(>rnor not t.o crush the agate thrust bearing. 
The screw should be held tightly in the lug by the clamping nut. The bearing screw holding 
the governor cup should be in e.xact line with the g<jv('rnor shaft. The aluminium hub 
should not be rotated about the governor shaft as a slight pull is the j)roper test for loose 
aluminium hubs. To examine the governor generally, j>ressurc should be taken off it by 
rotating the linger plate giuJ holding it. Attention should be given to ,end j>lay, correct 
shape and tension of the wings, and clearance between the governor and main s])ring. 

The fibre cam should be set so that its mid line is approximately at right angles with 
the line of the governor shaft. If the fibre earn is not set corre(!tly, the jtinion will have to 
be remeshed with the ratchet gear. This can be done as follows ;— 

Remove .screw from the bracket which holds the pinion, turn the dial so that the dial 
locking dog is free from the })inion. and unmesh both the ratchet and governor gears. Turn 
the fibre earn to the j)roper angle, remesh the gears and re])la(!(‘ the screw. Care must be 
taken not to rotate the ratchet wheel while tlu' gears are unmeshed. 

The fibre cam should be rigidly locked when in the normal position, but if there is loose- 
iie.ss between the worm wheel and the ]>inion. or if the locking d(»g is not ])ro])erly adjusted, 
this will not, be the ease, and (he fibre earn will slip o>it of its normal position when te.sted 
by hand and remain between the imjmlse s])rings. A test should be made to see rf the earn 
is fixed as it should be, but as ii is set permanently into a rectangular base, only a slight 
pressure should be ap|)lied to it in oriler to avoid injury. 

One slightly bent worm gear tooth may cause the dial to .stick. The pinion slumld be 
placed so that the tooth of its worm gear will engage about four-fifths of the deirth of the 
governor .shaft gear. The dial locking dog should strike exactly in the notches of the ])inion. 

The ratchet spring should drop into the ratchet gear notches when the dial is lightly 
forced back from 1 as rapidly as jiossible. 
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DIM-. SPECIAL FKATUUES 


Section 6 

DIAL. SPECIAL FEATURES 

• 

The Siemens’ Dial (Fif's. X imd !»).- A il<diniU‘ niiiiiiiiimi interval ladween trains of 
iininilses is secured. AVliere tins is not. provided short trains of inipulses, snch as 1 . 1 . ], 
may arrive l)efore a free selectinj' switeli has heen found. To elfeel tliis interval the dial 
switch is provided vith tno trains of f;ears. the governor train and the iinjndsc train. T1)C 
ratchet ^^heei driving the governor train is fi.vcd to the finger |)late and> driven therel)y. 
The itnpul.se train is driven hy it pawl tnoiinted on <i disc, the di.sc being loeutcd between 
the driving wheels of the respective trains. The pawl rtderred to engages tlie internal 
teeth of the ratchet wheel, thus transtnittittg the drive to the disc, and subsecpiently to the 
iinptilse tfiiin in one direction only. The disc is further provided with a slot, the ends of 
which engage a ]iin cm the toothed wheel of thejinpnlse train so that the governor coijies 
into action .some time before the impulse train. When the dial is rel(>a.sed the governor 
starts at once. but. it is only after the j)in has ])assed to the other end of the slot that the 
impulse train is opei'ated ajid inij)nl.se.s begin. No matter how (piickly fix' dial is operatefl, 
this interval must occur between successive trains of impulses. 

'I'he governor and the main spring have been jiiade the subjects of special .study and 
design, to give great regularity in the timing of the im])ulses. The impulse sjnings are 
normally held closed by the tibri'. ojeening under their own tension. This assists greatly 
in .securing exact imjiulses. 

W. E. Co.’s Dial (Fig. 10).—The finger disc is mounted on a shaft and held agaiirst a 
stop by a spiral spring. Wlam dis])lacecl from normal the disc returns under the tension 
of the .sjiiral spring, lent does so at a ])redetermined and r’onstairt speed itnder the intlucnce 
of a goveriror. A sjiecial loose disc at the centre is so litted that the tiirger disc may be 
niovral forward as (prickly as desired, the govertror being disconrrected. 

The lirtger disc carries a series of snrall teeth and one large tooth, which ojrerale irr 
passitrg a contact lever : the contact lever opens a (contact, irreirrded in t he lirte, cirerrit, but 
otrly on the return rnovemerrt of th(' finger disc. ’J’lu' short irderrirptions of a trairr of 
irttptrlses are always followed by a kmg one to mark the chang(( over. 
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Sectipn 7 

INTERCHANGEABLE DIAL 

• 

New Dial Impulse-Lender with Interchangeable Impulse Wheel. —^Tlie joint 
property of A. T. M. CJ<).,^!icmons Brothers and V\’. E. Co. (Fig. 15). 

* The different sy.steins in use retpiire different ratios between tlie times of making and 
interrupting the onrrent iniinilses, and also a variable amount of lost motion in the impulse 
transmitting devjjie at the beginning of each train rtf impulses. 

Tliis dial is constructed so tliat tlie cam or impulse wheel is interchangeable, and can 
be readily removed and reitlaced Ity one adapted to meet the particular requirements of the 
system in use, this interchange being maile without affecting any other part of the apparatus. 

'J’he teeth of the cam wheel and file ])awl o])erating tint contact springs are formed so 
as to provide the required ratio between the times of makuig and breakitig the rarcuits. 
ancf the design also ensures that the pawl leaves the teeth of thr* wht'cl without (causing 
any vibration of the contact springs. 

The cam wheel is iirovided with long teeth adapted to jrrovide a considerable ararmnt 
of lost motion at the beginning of th(> transmission of each train of imjrulses. Normally, 
the pawl is held radially to the wheel ; when the cam wheel is rotated by the operation of 
the linger dial the ])awl is rotated through a considerable angle before it rides over the end 
of the tooth with which if^ has b('eu in engagement. If the teeth are close together the pawl 
cannot slide far down into‘the space between the teeth during the cojdinue'd rotation of the 
cam wheel by the finger dial ; when, however, the hand is removed and the dial rotate.s in 
the reverse direction, the pawl will be disj)laced so as to extcnil more deeply into the space 
in which it h.ippens to lie. When the pawl has regainefi it s radial |>osition, the continuation 
of the rotary motion causes it to move ujjwards out, of tlu' sj)a.ce which it has entered until 
it reaches the levi-1 of the lop of the teeth, whcui the tirsi, current impulse will be transmitted. 
The considerable extent of the motion of the pawl from the release of the finger until the 
beginning of the first impulse com'sponds to a comparatively long interval of time. 

The shape of the teeth of the cam wheel ih'termines the eharact(‘r of the im])ulses 
transmitted by the a])parafus. h’or instance, if the end of a tooth is broad, the current 
will be interrupted for a longer time than if the tooth is narrow. All the teeth in'ed not 
have the same form; for instant;e, a very broad tooth will cause a longer interruption at the 
beginning or end of a train of impulses. 

Fig. 15 A is a view of the dial as seen from the back, H is a central .section, (' aiul D show 
a modified (am.struction of the pawl. 

Schedule of parts with reference to the drawings 

1. Base plate. 

2. Spindle, free to rotate in 1. 

2'. fiollar to prevent axial play, even when 3 and 4 are renioverl. 

3. Number plate. 

4. Finger dial, fitted at one end of 2. 

5. Clamping ring fitted in recess of base plate. Holds number plate ip position against 1. 

6. Cam wheel with long teeth, fitUMl to rear end of 2 and made readily removable. 

7. Pawl operated by tt. NormaHy held radially to the tc<!th and cpiters deeply between 
the teeth. 
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S. Screw fixed to I. aSoiit which 7 rotates. 

9. Sprin^f. ’ 

10. Stud secured fo 7. on which 0 jwesses. 

11. (llock spring to counter rotate 2. 

12. (basing to which oik* end of 11 is lixcd (other end to spindle). 

111. Ehonite stud on pawl. 

14. Spring contact with which 1.‘t engages as the pawl rides over the end of each tooth 
during tht; return iiKo-eincnt of cam w hei*! (i. Thirteen inoincjitarily lifts 14 from 1.7 without 
e])rings vibrating. o 



1.7. illatc contact; spring. 

10, 17. IS. (lontnct springs to 
sliort circuit receiver. 

10. Stud in cam w'heel 0 to 
operate above. 



20. Hraekct on plate I carrying above 10 to 10. 

21. Tootiu'd wheel on .spindle 2. 

22. I’inion with which 20 engages. 

2.‘t. Governor wheel oti spindle of 22. 

24. Governor to control rate of interruptions. 

2r>. Si)indle .spring attached at one end to wheel 2:1 and w'ouikI round spindle of pinion 
22. This .sj)indle can rotate freely inside the sj)ring 2.5 when the dial is pidlcd round, but on 
the return niov<*nient of the dial the sprijig tightens on the s])indle and forms an cll'ective 
clutch between tlie spindle and the governor wheel 23. 

In the modification according to (' and I> tin? pawl 7 does not engagr^ directly with the 
cam W'heel (>, but by means of a. projection 2(i carried by the jrawl. 

Tig. 10 shows how a dial may be arranged with figui’es and letters in the finger holes 
so that a number may be prelixed by a letter. (Sec also Fig. 139.) 
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Sectiqn 8 

TELEPHONE INSTRUMENTS IN AUTOMATIC SYSTEMS 

Fig. 17 sliows a coininon design of wall instrument, and Fig. IS n typical design of a 
table or desk instrument. * Anj’ of tlie well known common battery circuits may be used with 



I'KIS, 17. I.S.—\V\l,l, ,V.VU TaCI.K iNSTKUmUNT (SlUMK.NS). 
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Fig. 19 shows aji Automatic Telephone Manufacturing Oo.’s circuit for a wall instru¬ 
ment and Fig. 20 the same circuit applied to a table instrujiient. 

The instrument has no induction coil and an electromagnetic receiver is fitted in series 
with the microphone. This forms a ver^ simple arrangement and is highly efficient. Tlie 
turns and self-induction of tlie receiver have been very carefully calculated. 

The circuits arc numCercd as follows ;— 

1. Bell in Scries with condenser for receiving incoming ringing current. 

^ 2. Ilcceiver lifted to initiate a call. Receiver and iuicroj)hone in series through dial 
impulse .springs. •This is the impul.sing and also the sj)eaking circuit. Tlie dial springs 2' 
are opened a number of times, corresponding to the v alue of the digit called. 

3. (Circuit to line when impul.scs are being sent, receiver and microphone are short 
cirt^uited. 


Bell Set. 



Kote. ModiKcjilKuis iif*«-c.s.«arv for 2 parly Inio unliiiutPd rale : 

X-jwu'ty—On Ix'll w*l No. 1, disfimnocl .strap toniiinal E 

and LL and oarlh K. 

V-party • On bell set No. 1, dtBconnecl simp bt'twoen terminal K 
and LI. earth K. join A win* to l.<2 and wiri‘ to 


Fig. 21 shows a Siemens’ circuit for a wall telephone, and Fig. 22 the same circuit 
applied to a table iirstrument. This has an induction coil with the receiver and secondary 
winding of the induction arranged as a .shunt about the microphone. 

1’he circuits arc as follows :— 

1. Bell in series with condenser for receiving incoming ringing current. 

2. Receiver lifted to initiate a call. Micro]>hone and 17-ohm winding of induction 

coil in series through the im|)ul.se siirings 2'. This is the impuLse circuit and also the speech 
transmitting circuit . , 

3. ('ircuit to line when impulses are being sent. Receiver circuit ojxmi at 4', microphone 
* short circuited at 3'. 

4. Speech receiving circuit. 
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Fig. 23 shown a We.stoni Electric (to.'s circuit for a wall tclc])hone. and Fig. 24 shows 
the same circuit applied to a tahhf instrument These and the Siemens’ circuits are practi¬ 
cally similar, and the descrijjtion of circuits 1, 2 and 4 apply. 

3. Short circuit across receiver terminals whilst impulse's an' hciim M'lit. 


BellSet. 



Fig. 23 .shows a direed c.vchangc e'irciiil fitted with hreastjelatc Iransiiiitle'r and head- 
gear re'e'cive'f. The elcscription eif circuits 1,2, 3 and 4 Siemens' a)»])ly. 




THE STROWGER SYSTEM 


* The Fundamental Switch is a Vertical and Rotary Stepping Switch for 
100 lines, with 10 levels and terminals for 10 lines in each level. The 
calling is on a decimal basis. 


THE lOLLOWl-N’G FIRMS USE .\ SV.STEM B.\SEI» ON I’liK ahOVK: 

AUTOMATIC ELECTRIC CO., CHICAGO, U.S.A’. 
AUTOMATIC TELEPHONE MANUFACTURING CO., LTD., LIVERPOOL 
SIEMENS BROTHERS & CO., LTD., WOOLWICH 
SIEMENS AND HALSKE, BERLIN 
COMPAGNIE FRANCAISE THOMSON-HOUSTON, PARIS 
NORTH ELECTRIC MANUFACTURING CO., U.S.A. 
COVENTRY AUTOMATIC TELEPHONES, LTD., LONDON 
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Section 9 


THE AUTOMATIC TELEPHONE MANUFACTURING COMPANY’S 

SYSTEM 

{whirJi ciiiha/ie-'i //«; of the. A iifoiiMlic- Kler.lrk (Chianio, Ihf m il knonui, Siroimjer 

sj/.sinii ). 


SWITCHING APPARATUS 

Switches havinj; botli vtTticnl and rotary 
inftvoiiient arc the outstanding feature of tliis 
system, operating on the deeiinal prituaple of 
calling. 

TJie selwlor and cnwnedor are practically' 
similar switches, the former aiitoinal.ieally select¬ 
ing an idle line in a gi'oiij) after the shaft is lifted 
to a |)articular h'vcl in response to the impulses 
of a digit, the. latter resjionding to two digits and 
moving in the rotary direction stej) hy step a 
distance according to the value of the final digit. 

This design of apparatus has jirovcfl most 
reliahle in action anil simple to maintain. An installa¬ 
tion fitted in Grand .Rapids. T^S.A., about is still 
in opei-ation and giving every .satisfaction, 'I'he old 
plant is working on the .“{-wire .system, yvhil.st the 
later e.\tensions are on the 2 -wire, which proves the 
fle\ibility and adaptability of automatic apjiaratus. 
It would appear also that the life of automatic 
apparatus can be taken at about 2 ."> years. 

•The Connector or Final Switch. Fig. 2(i 
shows a design only lately discarded with the relays 
assembled on the same mounting as the stejiping 
mechanism. Three hanks were sometimes used, the 
two lower ones being the line terminals, and the 
up{>er one the }>rivate or test terminals. In another 
design the whole of the line terminals were assembled 
in one bank and th(‘ test terminals 41 a bank above, 
as shown in figures 26 and 27. 
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SWITCHLXG APPARATUS 


JtjyU L. Liix-. 

WL. Vcrticttl Line. 

It.L. Kolary Line. 

VertiettI llelay. 

K.K. Hotary 
A. Shaft. 

H. Huh. 

P,. Pawl. 

P,. I'aul. 

\ .A. V'eitu al Ariiuiliir«‘. 

H.A. Hotavy Armatun*. 

\ . Veiiic al 
H. Magnet. 

T'. (Ipjmr Tooth. 

'P. liOwer Tooth. 
i).L). I>)uhh‘ Do^r. 

F.I). Kixnl Doji;. 

P.W. Private WiikT"*. 

Veitiral Wi|Xjr. 

H.W. Hotary \VifX*r. 

•I h r d Knife Switcln-.H. 

S.A. Spider Ann. 

H. Pivot. 

Spring. 

K. Finger. 

K.S. FNeafHMnent Si>riiig^. 

P.A Private Annatnre. 

P.M. Private Magnet. 

K. Stop. 

^■.A. Annatnre. 

V|. toil. 

Vg. Coil. 

(LR. Uiiiger Relay. 

Z.A. Armature. 

Zj. Coil. 

Zj. CiiiJ. 

C,. (‘‘Hidenm'r. 
h,. CondenM'r. 

H.P. ring<*r. 

Rkl. M. i^•leu.se Magnet 
C.S. Coiled Spring. 

S.P. Finger Stoj». 

N. P. Normal l*ost. 

S.A. Ann Side Switeh. 

S.li. Link 

S.A.L. I/‘\4TSide Switch Aim. 
\ .A.F. Finger. Vertical Arm. 

O. N. Off Normal. 



h’u., 27. —tVlNNKf'TOR WITH ITs CtllUUITS. 'PllRl.n->\VlRF. SYSTKM. 
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Fig. 27 in a perspective drawing and show.s the relationship of the several parts hotter 
than any photograpli or geometrical drawing fcan. The circuit is a three-wire one and may 
be ignored ; the mechanical features and operating principles, however, remain practically 
unaltered. The mimes of the dilfereuf parts are given in schedule form alongside with 
reference to the syndiols of Yhe illustration. 

On a frame of non-magnetic material a vertical shaft is mounteil. free to lift upward 
iftid revolve. The upper part of the shaft has teeth cut round it, ami below this are othei' 
teeth in the lino of the shaft, 10 teeth in each eu.si. The shaft is raised and rotated by idectro- 
magnets. One, jsallwl the vertical magnet, acts on the tei'th surrounding the shaft, and 
lifts the shaft to a height corresponding to the numbi'r of imj)ul.ses sent, and the number 
of impulses depends on the second last figure of the number laspiin'd. r.f/., if the number 
were 67 then the .shaft would be raised to the height of six teeth, -Vnother magnet would 
then be switched into action and it would act on the twth in the line of the shaft and rotate 
it, the distance de|)ending again on the number of imjudscs sent : in the case of the number 
67*the shaft would be rotated a distance of seven teeth. The shaft at the l)ottom has 
attached ti> it. and insulated from it. and from each 
other, contact springs or wijiers, which, brush fashion, 
wipe over contacts associated with the lines to be 
called. These banks of contacts (for detail .w Fig. 2S), 
are arranged in an arc of a lande and each line bank 
has 10 pairs of contacts in the height, usually in two 
groups, and 10 contacts hbrizontally in the arc. wiped 
over by two twin contact arms. In these contacts are 
terminated 100 lines. A second bank is placed above 
this, having 10 contacts in the height ami 10 in the 
arc. 'I’liese are connected to t he test or line-engaging 
circuit, which is purely local and corresponds to the 

wire (amneeting the jack birshes together in a manual exchange. As t he shaft rises vertically, 
step by stej>, tlu' wipers come to rest in line with the contact levels, so that when the shaft 
is then rotated the w'i])ers brush over the intervening lamtacts in the arc, until the wipers 
come to rest on the contacts of the line required. When the rei'eiver is replaced afU-r a 
conversation the circuit is opened, allowing a release magnet to operati' on the “ dogs " 
(which maintained the shaft in the j)osition brought about by the (‘leetroniagnete already 
described), when the shaft is rotatecl in the reverse direction by a coiled spring until it is 
free to fall by gravity to the normal position. 

These magnets are in local circuits and are controlled by the line, or impulse, relay. 
An important adjunct of the early form of connector (many of which arc still in use) i.s 
the %ide-switch, which is controlled by the private magnet. This is a fonr h^ver threc!- 



l■'lO. 2S.- 


\ Sl-.'CTIO.V (IK ,i Sl.MILK 
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position switch. 

The connectors are arranged at the rear of a Keith line switch unit, which is shown in 
Fig. 3.T 

Fig. 2t) shows how the terminals are arranged and numbered. It is to be noted that the 
first 10 numbers of a group of 100 occupy the top level of the bank, thy second the bottom 
level, and the remainder follow in regular setpience upwards. The 0 of each set of 10 num¬ 
bers is at the right instead of being on the left as in nuraericaJ sequen<(e. 

The S^e^tor.—P'or exchangeii,having over 100 lines a selector is fitted in addition to 
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the roiniextoi'. This, cleeiroineelmiiieally, is very similar to the couneetor, hut rather simpler, 
as ther(' are fewer relays, anil after it has performed its work it joins the lines through, and 
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leaves no I'leetroniannets attaehed. in its operation it ditt'eis from the eoniieetoi' in that, 
after tlie shaft has lieen raised due to impulses from the dial, it rotates aiitomatiealK until a 
junetion line is found to a disengaged eouneelor. 


Section 10 

A FOUR-DIGIT SYSTEM USING SELECTORS AND CONNECTORS WI'H1 SIDE 

SWITCHES 


In Eig. :!(> is shown a four-digit Strowger eireuit. Jn tins a separate line relay is .used, 
and a slow releasi' relay at the eonneetor to join up the wipers nffer the eut-off riday has 
diseonneeled the line relay of the railed station, to prevent the latter heiiig actuated hy the 
ringing eurrent. 

In this (areiiit either siih.seriher ean (dear the eomu'etion. 

The eireuits aiy numbered in the ord(>r of o])eration as follows ; — 

1 . Cireuit in which the line relay L operates when ttie reeeivu'r is lifted. 

2 . 'I’he line switeji LS ojierates to pull down both,armatures, when the plungei' operates 
the group of S 2 )rings. L d(!-energiscs. 
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3. Master switch operated to move the plungers opposite the next idle trunk. 

4. Loop 1 extended to relay IR. " 

5. (Guarding relay G energises. 

6. Holding circuit of LS guarding earth on pfivate bank PB. Subccriber pulls dial for 
first digit. IR de-cnergi.ses according to number of times the circuit is broken. 

7. Vertical magnet VM operates to lift shaft to the level corresponding to the digit, 

PM energised for duration of impulses. ' 

K. Private magnet PM energises. PMR and PM de-energisc after impulses, and latter 
moves the sicli'-switches iSS to second position. 

!». Side switch completes circuit to rotary magnet RM and R3. RM when energised 
opens its circuit (trembler bell faslno)i) so that the wipers are stepped round until an idle 
line i.s foxind. The armature of PM is j)res.scd dowui for each stt'j). If line is busy. PM 
remains down, and wipcTs again mov(' until a terminal with no guarding earth is found, 
when PM armature falls back and causes side switches to move to third position. 

to. Loo]) 1 and 4 t'Xtended to swond selector. 

It. Guarding relay G energised. 

()'. (>". Guarding and holding circuit. Subscriber judls dial for second digit. IR 
de-energises. 

12. Vertical magnet steps up wi])ers. PMR energised. 

13. PM energised during impulses ; on de-energising moves side switches to second 
position. 

14. Rotary magnet energised, intermittently, to move wijHTs round to idle line. l‘M 
de-energising moves SS to third jrositum. 

1.5. Loop 1, 4, and Hi extruided to (ionnector relay IR. 

16. Guarding and holditrg relay cirraiit. 

6 '. Guarding or third conductor circuit. Subscriber ]»ulls dial for third digit. JR 
de-energises. 

17. Vertical magnet VM lifts shaft. 

18. I'M circuit. PMR and PM de-ruiergising move SS to second po.sition. Sub.scribcr 
pulls dial for fourth digit. IR de-eticrgis(‘s. 

HI. Rotary magnet RM, controlled by I R, moves wipers step by stej) to cont act required. 

20 . ]i20 was energised, in jiarallcl with I’M, to 0})cn einaiits to wipers, whilst passing over 
level contacts, and de-cnergi.ses with J’M. 

21. lane switch LS energised to pull down inner armature oidy, to cause cut-off .springs 
to disconnetd line relay L. 

22. Ringing relay RR energises intermittently (by int.). 

23. Circuit of ringing current to .subscriber’s bell. Relay R20 is made slow to release, 
t.luis giving time for LS to cut-off line relay L' before ringing current is applied to 
line. 

24. Receiver lifted and battery-feed relay BF energised. 

2.5. R2.5 energises to cut off ringing relay RR. 

26. Locking circuit of R2.5 to prevent ringing current being reconnected. 

27. Current reversed, to calling subscriber, to meter, etc. When receiver replaced to 
clear, TR de-energises and open.s circuit 16. G de-energises. 

28. Circuit of release magnet Rel., which restores connector shaft to normal, and 
l^reaka normal contacts and circuit 28. G also opens circuit 6 to release selectors, and opens 




24 to (le-cnorgisf BF, whicli restores norma] battery to ealjinj; line side, altlioujili eailijig 
n'ceivcr may not be rejdaeed. If ealler r('j)lae(» reeiaver first, I H de energises. 

If the calk'd lipie Jiad been busy, the side switeiies wonid have' reinain's! in tlie second 
] position. , • 

29. Testing cinmit, in which H29 energises (this eireiiit. eloseil n hen F.Mll de energises 
after last impulse), 1*M enfigi.ses, and side-switches jSS are not moved to third position. 

• 3t). Locking circuit of J{29 and I’M opened when .shaft fails. 

.“ll. 'Pone test eirenit to calling sidi.scriber. Receivers replaced, cileiiit opencil as before. 


Section 11 

THE LINE SWITCH 

A hvilh hue sii'iirh (Figs. .'tl. .'{2) is introduced lietwi'en a subscriber's line and a 
sek'ctor. This is to avoid the nece.ssity for having an expensive selector a,ssoeiated with each 
line. Faeh line has its lini' and ent-olf relay (plunger magnet) like thi' tnaiinal exchange. 
Thesi' are arranged on <>ach side of a vertical inovdng shaft in groups of 2'i, 12 on one 



Elo. .'il—K kitii JjINK .Switch, kiiowixo I’i.hni.kie \xij U\.nk t'n.XT.OTs 


side and I.'i on the other. This shaft is jiivoted and has a backward and forward movement. 
Each relay has a pivoted arm or jilnnger who.si' fan-shaped end has a. notch which engages 
with the moving shaft normally. As the shaft moves it carries with if the plungers and 
can.ses them to move on their pivots, .si^that the point which carries ebonite rolliTs is m'oving 
in front of sets of .springs, "One bank ^r levi'l of 10 groiijis of .sjirings (l^ig. .‘{I) is in line with 

l.T.S. 




1*iii:si:nt Kvi h-munt of Omo 

Sl Ii-iCltlHKll’s I, INK. 


liy —IvKiTii l.rsK Swri'i ri Iimi-I.ink 
n.NIT 

'riio iiu'tci's lire somcl iiiiCN pkiccd 
altovo, but uro profonibly fittod 
fipaii for coin’i'iiicncc in roiiding. 

'I’lic unit i.N fitted in an enclosed 
eabiiK-t with jfliiss doors. I’he 
neeess'iry t<>rniinal straps are at 
the top. 

The a.ssociated connector.^ are 
litted at the rear. 
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each plunger. The corresponding groups of .springs in a unit are iiiultipled together and 
connected to a selector. The unit is usually made up of four sections of 2"), with which 10 
selectors are associated, and the shaft is rocked hy a master electromagnet. When the 
telei>hone is removed, and before the diakhas scut out impulses, the line switch is operated 
automatically ; the operating relay has disengaged the plunger from the shaft and driven it 
into a group of springs. so*that the subscriber's line has been extended to a selector ; at the 
same time local circuits have been completed through the cut -off relay and the master switch 
electromagnet, so that the shaft is moved one step, and the ri'inaining Oil line relay plungers 
ar5 opposite the Jfo. 2 selector set of .springs. 'I'ho next call will engage No. 2. and the 
remaining hS will then be carried opposite No. 3, a selector being thus always pre-selected. 
As the plungers become free, the shaft picks them up on its return jouriu'y. or th(!y are made 
self-aligning .so that they return to the shaft. 

Circuits of this line switch arc shown in Fig. 4.3, in connection with which the action is 
more fully explained. Fig. 33 shows a unit of 100 lines of these switches. 


Section 12 

MASTER-.SWITCH WITH POWER SOLENOID (Fig. .34) 

This is fitted centrally in a panel iiiul contixds lOO-litic switches, but usually a spare 
master-switch is provided, so that either can control 100 lines, or each control .po lities. 

In Fig 34 e designates the master-switch shaft which is linked with the line-switch 
shaft / to give, the Jatt<-r a to and-fixi or oscillating motion. 

The travel control notchisl cam h. the specil-governing geared scgnicnt the .spring 
rclc.ase and circuit-closing arms <f and r, ar<‘ rigidly fixed to the shaft c. 'I'he shaft is rotated 
in a. clockwise direction by the part h. which is connected with the plunger of the solenoid .s, 
and rotated anti-clockwi.se by the (' sjiring /’ forcing apart the .stud /■ lived to the plunger, anel 
the ])art h. The armature of the relay K2 carries a lo('king dog ii. which normally engages 
with the notches to lock the cam in )»ositio/i. but when the relay is energised, the nog is lifted 
and the earn is free to move in either <lireelion. The notches of the cam correspond in 
tnnnber with the bank eontaets. .so that the dog in a given notch means that all the line- 
switch jilniigers have been moved opposite a given trunk (having 100 nndtijiled points). 
I’lie trunk line is prc-select(‘d, and when, e.;/., .\o. 5 trunk is engaged, the dog is lift.<-d ajid 
the cam moves counter clockwise until the next idle lijie is found, when the dog re-engages. 
W'hcn^the la.st notch is pas.sed, the arm r closes the two s))ring.s /. in. to energise relay H .3 and 
the solenoid .s. The relay eontaets ii are held closed by the latching sjning o until the sole¬ 
noid has pulled in its armature and ])lnnger. The arm d then comes against the latching 
•sj.ring o and allows the relay .s[)rijigs w to I’ctuni to normal, when the solenoid is de-energised. 
The rate of trav'el is controlled by a governor p, similar, but of heavier pattern, to that 
de.scribod for tlw inqml.se tiial. 

Kach master switch has a series of contacts corresponding to the miiflber of trunks con¬ 
trolled, in this case 10 . with a contact arc over which iin insidated wiper mbs to eoniu^ t the 
arc with each trunk in turn. 
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Af. an idle friiiik is ]>ivst‘lcctc(l, tli(»r<‘ is no icstiiif' oi' hnnlinjr, ainl tlie jiluni;i‘C of tlio 
calliiifi line cntcis tlji' liank conlacts instantly. 

'I’hc cii'oiiits uf the master switch arc shown in Fif;. 4:!. 


Section 13 

THE AUTOMATIC TELEPHONE MANUFACTURING CO.’S LATEST SYSTEM 

The Connector (Fig. — At a. n, c, n, arc sliown four views of the new type con- 
iKXtor switch. I'Ik' relays are now fitted ajiart from the switcli frame or mounting, on a 
liase ])late, wliieh fdso carries tlu! switch frame. 'I'he relays are fitted liorizoiitally above the 
switoh, and wired from the laair. The .switeli frame is now of east iron, very heavily zine- 
plated, and is foiind'to be more rigid than the die-casting. I’hts frame carries the vertical, 
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rotary ami release mafjnets. and the shaft dogs, pawls and other aeeessories. 'I’he ban)<s 
are fitted below, and, with tlie wipers, which am fixed to the shaft, are not sliown in tlie 
illustrations. 

.Side switches are not now used relays taking their place. 

Till' relay has Ix'cn re((/'signed; the point pivot has bec-n replaced by a pin pivot which 



I’lo. \ I1.;« . T. ,\l. t'io. \.'I'. .M. ('o.'s ( 'ossjaii'ui:. 

(’o.'.'s Latk.'st I*ATn<;i{N roNNKcTou. Fih»nt \’rK\\ wrrii (’<»vki(.. 

• 

does not, require iKljnstinent ; j)henol-libre i.s now ii.sed for insidaliii” the springs, and each 
sj»ring unit is aged by a lu;at treatment. 

'Pile sn it(di is adjusted to work elficiently with a loo]) resistance of I ,IM»t) ohms, which 
still idlovvs an amj)le margin of s<afety. 

On referring to th<‘ illustrations, it will be seen that the mci hatjicid^x o])erating parts 
are very similar to the older switeli (Kig. 27). The off normal contacts arc seen on thejeft- 
hand side of the front view, and ar* operated through a lever by the head of the 
shaft. 
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The Hwiteh aiul relays are closed in by a cover, whifih, however,.leaves the banks ami 
wipers exposed. 



t’Ki. VllvW OS ItldllT SlOlO OK 

.\. ’1’. \1. Co. '; I.VTlisT CoNNKCTOll. 


KlO. ViKW OK l.HKT .SlOK OK 

\. T. ,M. Co.'s IjVTKST (’ONNHCToa. 


'I’lie sckrtor switch is similar in a])pearance. 


(■OiTHR-cJ.Ai> RELAYS are o.xlensively used. When a fiiass of co]>per is fitted over the 
core at the “heel." or fixing end, the relay is made slow to de-energi.se; when fixed at the 
armature end of the core, it is .slow to energise and de-encrgis(‘. 
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NEW LINK SWITCI^ IN A. T. M. CO. SYSTEM 

The Rotary Line Switch (Kig. .-{(i. «. d, r^--Tlns is a now foaluro in (l.is system 
am was first us«| ,n the Orleans e.vchange. Kranee. It is the first self-pro,, oiled Votary’ 
switch to be «^fo,l .n .inj.ortaut exchanges. The wi,,ers rotate at (io to SO stops j,or seeoml 
riieie are sots of forininals in tho are. which number giyes each oaliing line access to a 




iv 
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^‘■rr'i to hr / 

•l/\/ /c’vi 'W ' 
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. mW cie) *)f Wippi'i.. 


I''m. .-id. .\. T. \l. ('...'.s ... |{..TnfV Lim-; Swiivn i.na Thii.vk.^. 

larg'iffoup of outgoing trunks. The lifting of tho reoeiyor to make a call starts the switch 
unting for an nlh- line, a switch being assoeialed with each snbseriber s line, it has no 

Winers bohVTi* " ‘J"’ remain in position on the trunk last used. I’he , 

sw?t.J i n ^1 n When another call is made, the 

switch immediately makes oonneetion with the terminals and trunk on which it rests but if 
that is busy, it instant,ly nioyes to find an idle line. 

The switches are arranged vertically as shown in Fig. .‘{7, which if^jiresents a lOO-line 
private automatic exchange (P.A..>:.), the eonncctors for inenrnic.r o... 

rear. 
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NEW LINE SWITCH IN A. T. M. CO. SYSTEM 

A drivinj! iiiii^iict only is rtsiuirt'd in aclditioii to tlio line and cnt-oU relays- ll>e motor 
magnet armature has a |.awl uhieh normally I'oeks the wi])ers on any trunk. When energised, 
the magnet witlnlraws the pawl so that it catches the next tooth on the ratchet wheel. 
When de-energised, the armature sjiring drives tht- i)awl ai'id rotates thC- wipers to the next 



h'u;. ;J7. lHH-i.,iNK Pui\ STE Ai ro.\i\ rn V'xi ii \N(iK {V.\.\.). smowi.no Korsm' Link S\\ nt in .''. 


set of terminals and locks them there. The wipers are of special design with split tongues to 
oive Ilexihilit V and good contact. 'I'liciv are two sets of wipers in t he same straight line, so 
That all the terminals are made contact with in half a rcvolntion. the second set of wipers 

coming into action \i hen the first leaves tin' arc. 

'I'fie drawing shims four sets of wipers and levels,,li'it only tliri'c are used on the circuit, 

Cig. :ttt. 
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Tlio line and enjb-off relays are so related that they interlock. If the line n'lay is de¬ 
energised, as on an incoming call, the eut-o(f rflay cannot pull up fully, hut oidy suffieielitly 
to cause the line relay to break from its h;u k contacts, but not sullieiently to make with its 
front contacts. TIfis is Iwonght about bf a mechanical device. \Mien the line relay is first 
energised, as for an outgoing call, the artnature pidls iij) fully, and makes with contacts to 
connect the calling line tlirough to the wipiT.-. 'Phe switch is held energised in the third 



id,) 

Top View, 


t’lo, as, -JjI.m,; .\no ('er-oi'i' Kki.xy iok \, 'I', \1, Co.V Ho’I’miv .Switih. 

conductor circud, and a clean line circuit established. This special line and cut off relay is 
showli in Fig. its, a, it, c. and d. 

'I'he lever L in the normal ])osition prevents the armatun! 15 by the lug 15', of relay R.t 
from pulling up fully. If, however, I!' is first energi.sed, the armature lug A' of relay IC * 
displaces the lever L, so that the R:5 armature may now pull n]i fully and make with inner 
contacts. 

•Ml the contact springs are arranged on the to]) of the upper relay as^.shown in l•'ig. ;5S tl. 
The armature A of relay 11' has an CAtension which carries a rod. having suitable insula¬ 
tions. to ojjerate a series of s])ring f»itacts. 'Plfe armature T5 of relay 15:5 has a sinnlar 
extension to operate another ,set of C)«ita(ds. 
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Section 15 

CIRCUITS OF A 1,000-LINE EXCHANGE, A. T. M. CO. SYSTEM 

Rotary Line Switch Circuit (Fig. This switcli has no iiornuil position, but 

reiiiains on tlie set of terniitials with which it lust made coimettion. The line on which 
the wipers rest may he nsetl at another position. When a call is made,*010 switch will 
immediately connect with tlie line occupied if it is idle, hut will step to an idle line if 
it is l)U,sy. 

As used on (outgoing calls 

1. When the receiver is lifted, 1{' (B). slow to de-energise, energises. 

2. If the line on whicdi the switch is at rest is husy, H' (B) shunts the relay It;} (A), to 
]>revcnt it from ojau-ating. The rotary' magnet UM2 energises and .steps the swiUdi to the 
next set of terminals. KM o])ens circuit 2. de-cnergi.scs, and again closes circuit 2, when, 
if the next line is also h\isy. it will again energise, step tlu' switch, and hreah circuit 2. This 
will continue until an idle line is found. 

The shunt circuit on K2 is o|iened, and IKi (A) eiuTgises in series with RM2. Jt.M 
does not energise hccanse of its resistance and adjustment. 

4. lt;t(A) extends the calling line to the wijiers and, f.(/.. to the impulse relay R4 of the 
selector, which will energise and then close a circuit S to energise a relay' RS. 

5. 'I'he holding circuit is extended thriaigh the Kr. wiper to earth at R8. The. private 
normal on the connector then tests husy. 

tl. 'J'he holding relay IKl is hehl energised. 

Relay' R' is slow to (h- energise to kee]) eireuit !! ckwed until the relays on the nt'xt 
switch ]iidl u]). 

Kelease. Wdien the receiver is rej)laee(l. K4an<l KS de-energise, and circuit ti is opened, 
so that U2 de-energises and connects up I!.'. 

Incoming calls : 

7. AVhen the line with which the switch is associated is called, the connector earths the 
private bank contact. K:i(A) is operated just sufficiently to ojien eireuit 1 and cut oil R'. 
Thi.s movement is elfected mechanically, relays R' and R.’l being .so arranged that 112 can 
only' pull 11 ]) through its full stroke w hen R' is energised. 

Side-switchless Selector Circuit (Fig. 40). —Wlmn eireuit 4 is extended, as above 
described, R4 energises. 

8. R8 energises (slow to de-energise). The battery to R8 is taken through a iri-ohm 
supervisoi'y relay associated with the shell, so as to o])erate a lamp signal, in case the line 
should become short-eireuited, or .should the caller omit to reiilace the receiver. 

(i. R8 earths the release wire. 

First digit imfiulses :— 

1). At each de-energisation of R4, the vertical magnet \'M sti'jis up the wipers a distance 
of one level. Rt)(C) energises. 

10. A 1 microfarad condenser, in series with a 10-ohni resistance to earth, prevents 
excessive sparking at the imjiulsc springs of R4. 

11. Relay Rll(E) energises. 

12. Rll locking circuit. R14 is shunted so that it cannot energise until an idle set of 
terminals is found. 
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13. When the impulses cea.se, U!> de-ouergiscs (it remained energi.scd during tlic im- 
inilses), and the rotary magnet IlM is energwed. RM steps the wipers to the first set of 
terminals, and if the test terminal is not earthed, due to some other switch oeeu])ying a 
multiple of it, opens circuit !>, so that It# de-energises and removes the shunt from 1114(D), 
and opens the RM circuit Kf. 



Horc:s.- Relay A when earthed 
at Pr Nor. breaks at back con »: 
tacts but does not close on the 
■ -tke contacts ■ 

Relatt B , Contact cc makes 
hreg. 


:>!(. T. 31. Co.'s Ito’i'AiiY l.ixi: .SwiTi iP CimiiT. 



14. The RM armat un' tlrops hack, and RI4 energi.ses in series with relay R1 through 
the off-normal springs ONS. Rll, on account of its resistance and stiff spring adjustment, 
does not operate. 

16. If, however, the first test terminal is earthed (line busy), Rll on de-energising (when 
its circuit was ojiened by the RM contact) will not o))en the shunt to R14, as the «hunt is 
then comjdetcd through the baek coytaet of R14 to the private wijier Pr. When the rotary 
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A. T.M. CO.’S SIDK-SWITCHLESS CONNECTOR CIRCUIT 


nia;;ji(‘t ilc-cncrgises, fMl will again ])iill up over drciiit 14—la. The,rotary magnet will 
again operate in eireuit 13 to move the wipers'lo the ne.vt terminals. This operation will be 
eontinned nnlil an idle line is hjund, or until the wipers pass off the tenth contact. This 
removes the earth i'ron\ the I’r. wiper, and ])reverits Rll from energising, thus ])reventing 
furthei' rotation of the switch. 

111. To j)revent e.veessive sparking at the make contact of All. a J-microfarad con¬ 
denser, in series with a. 10-ohm resistanet', is connected to one suh- of the rotary magnet. 

II'. To j)revent e.xcessive s])arking at the RM contact springs, which interrupt tite 
circuit to If 11. a 1 .'lOO ohm non-indnetive wdi\ding is wound on top of, andui multiiile with, 
the 210ohm winding of Rl 1. 

17. When an idle line is found, R14(l)) energises, and the line is joined through to the 
ne,\t switch, which, if a connector. R' and 112 (f'ig. 41) energise. 

IK, The release wire is eonnecled In the IT. wijx'r to eireuit 3 (Fig. 41). RS, being slow' 
to de energise, kec'ps Rl l energised until this circuit is eom|)letcd. RI4 causer's R4 and Jv8 
to de-energi.se. 

If an idle line is not found, the shaft, on the eleventh rotars step, operides the; cam 
springs CS, which ojxais the circuit to R4, which de energises and then causes [!s to de¬ 
energise. Earth is thus removed from the release circuit 0. 

10. The (aim s])rings also take direct earth off the jxisitive winding of R4, and replace 
it with anotiu'r earth upon which is supcrim[x)sed the busy tone, thus iid'orming the caller 
thid all trunks are busy. 

20. Release. ' When the (taller replaces the receiver, the lini- circuit is opened at the 
connector, and earth (uit oft' the relea.se circuit IK. wlnai RI4 de-energises. The release 
magnet o)X‘rates and releases the selector. When the shaft returns to nornial. the lolease 
circuit is opened at the off normal springs. 

copper sli'Cve over the core of the 100-ohm rek'ase magnet precents excessive ,s|)arking 
at the otl'-normal release springs. 

The batti'ry to tin- release magm't is taken through a relay slow to de-imeigisi', assocaat.ed 
with the sludf, .so that, if for any reason tlu' release circuit remained closed, an alarm would 
be given. This release signal relay is slow-acting, so that in case the number of calls are to 
be registered, a meter can be operated. 


Section 16 

A. T. M. CO.’S SIDE-SWITCHLESS CONNECTOR CIRCUIT 

Release when last jiarty re|)laixxs the receiver (Fig. 41). 

The circuits are nuinlxu-ed in the order of operation and are as follows :— 

1. When a calling line is extended to a eonni^etor relay l{'(A) energises. 

2. Relay R2(R), slow to de-energise, energises. 

3. Rek'ase trunk earthed. This is the holding circuit to maintain energised all the 
swit(4ies towards the calling line. The rek'ase circuit ic. also (.>|x>ned and the vertical magnet 
circuit ])repared. 
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4. At each interruption of the circuit I at tlie eallinf!; (ieviee, R' drops hack aiul operates 

the vertical iiia}ri)et*\''j\l in series with relay R»t(('). l’)u‘ shaft and wipi-rs are raised to tJie 

called level. 

r>. A 1-iiiiorofnrad condenser in seriw with a lO-ohni resistance to earth, from the niaki> 
contact of R2, previmls c.\<<‘ssive sparking at laintact of relay 11'. 

As soon as the shuff is stepped up one level, th(' olf normal springs, ONS, switch the 
v«Ttieal circuit, iit its make hefons break springs, from the make contact to the hack contact. 
It also partly eom])letes the release circuit. 

* 4'. IJelay RjKC) opens the rotary circuit (> and closes the vertical magnet eiriaiit 4', 

through the hack contact of the make before break olf normal sjirings. 

When the impulses from If' cea.se relay H4((') de-energises (being .slow to de-energi.se, 
it did not release during imjiulsing) and switches the circuit from the vertical to the rotary 
magnet RM. 

0. 'I’lie impulses of the final digit are now rei-eived, and the rotary magnet RM steps 
tin*shaft and wipers round to the terminals of the called number. 

5. The ,l-juicrofara<l cotulenser as.sociated with R2 again prevents exce.ssive sparking 
at contact of R'. 

7. Relay R7 energises in ])arallel with IfAl. I'his pre])ares the (wivate wiper I’r. through 
to R24(G), and short-circuits the hack I’ontacts of J{24 at 7' through which the rotaT'y magnet 
circuit is taken, .so that R24 will not ojien the rotary magnet circuit, while the prixate wipei' 
Jiasses over busy contacts. 

8. When the impulses cease relay R7(l'l) de-energi.ses and, providingilie private hank 
contact is not earthed due to being in u.se. energises the i25-ohm winding of R8(|[) in seriei^ 
with the bridge cut-off coil of the called line switch from earth at, R2 circuit 3. 

ft. Relay RH locks it.self through its J,3(H)-ohm winding to earth. 

10. 'I'he interrupter start is earthed so as to start the ringijig interru])ter. it also 
ojicns the rotary circuit li so as to ])revent further rotation of the shaft in ease the calling 
party should again turn the dial. 

11. 'The private wiper is eaitheil at R2( Rg t Inis making the called ji umber busy to others. 
This earth, over the private wijier. also earths tin* jirivate normal to the called line switch, 
thus opeiating the line switch bridge-cut olf ri'lay. which cuts the bridge, of the called line 
switch line relay from tlu' called line. 

12. Relay R8(H) also elo,se.s the line wiper circuit, thus closing the ringing circuit to 
tin called line from earthed giaierator. through the make contact, of the interrupter relay 
resistance lamp, called party's ringing lamp, and 20()-ohm winding of R.12(l<’) to battery. 
The back contact of the interrujiter relay is connected directly to earth, and this alternates 
on the. line with the grounded generator. The called bell is rung intermittently from battery 
through the 200-ohm winding and back cont act of F to earthed generator. R12(P), however, 
being marginal, will not jmll up with t he ringTflg current in series with the ringer and eondensor. 
Also it cannot jiull up when the direct earth is put on the line. 

'rhe eojiper slei've and heav.\’ ring on tfie core of F gives it greater range of arljustment. 
and also reduces the imjiedanee of the ringing current. The* ringing current also induces 
a current in the 1.300-ohm winding of F, which forms a circuit through the jiositive winding 
of D, positive talking condenser, calling parly's talking loop and negative, winding of A to 
battery, thus giving the callei' an aiulihle .signal every time the calleil bell rings. 

As soon as the ealleirjiarty answers R12(F) (‘nergi.ses and opens the ringing circuit. 
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13. Jiockiiig cirouit of R12. 

14. The calletl lino is conncoted to relay 0(K14). Circuit 10, to the ringing interrupter 
atartiiig relay, i« ojiened so that the interrupU'r is not operated whilst the switch is in the 
talking position. The interrupted generator leadss opened so as not to earth the positive 
line to the called party. 

ITi. The calling supervisory einuiit is closed. 

Iti. Relay T) reverses the battery to the calling line so that meters or coin collectors 
can be operated if desired, or for supei*vi8ion in connection with toll boards. 

17. The calling supervisory circuit is o])ened. ,, 

18. 18'. Multiple cinaiit to the l,.‘t0(l-ohm locking winding of Rd2(F) and R8(H) so that 
these cannot restoi'c and o])en the circuit to the (allied line when the (avlling line releases 
before the calk'd. 

lit. 'I'alking circuit through the two 2-microfarad conik'nsers. 

20. When the caller replaces the rei.eiver circuit 1 is opened. It' de-energises and opens 
circuit 2. Before K2 de-energises a circuit is comjileted to R7(K). which energises and oficns 
circuits 8' and 8, so that when R2, on restoring, o[)ens circuit 3, the switches held ojierated 
over the release trunk can ri'store. 

When H2 de-energises it opens circuit 7, but as R.7 is slow to de-energi,se it held the 
circuit to the release trunk ojien long enough to allow the switches to restore. 

3. 8, 8'. When R7 de-energi.s('s it again restores th(' release trunk earth through R8 
l2r»-ohin winding to pn'vent this connector being .seized until the calk'd jiarty I'lears. 

Relay R2 also ])re])ares the rek'a,s(' circuit, but as tin' called ])art v has not (di'ari'd R.14(l)) 
.remains energised and prevents thi' closing of the rek'usi' magnet circuit. 

21. R2 de-eiK'i'gising closes thi' I'ulled lim' sujH'rvisory circuit. This su])ervi.sory is 
taken through a n'lay a,s.sociatcd with a slow aiding set, so that if the called jiarty does not 
clear within a ri'asonable tiini' a visual and audible alarm will be givi'ii. 

22. When the called jiarty clears relay R14(J)) ik'-t'uergisi's. 

23. 'J’hi' releasi' magnet energises and ri'leases the. switch. As soon as the shaft returns 
to normal th(' ri'lea.se circuit is ojietu'd at tlu' off-normal springs. A 5()0-ohm non-induc'tive 
resistance wound on top of, and in multiple with, the ri'lease magnet prevents exci'ssive 
sparking at the off-normal ri'lease springs. 'J'he bafti'i'y to the release' magnet is taki'u 
through a slow acting n'lay assoiaati'd with a grou]) of switches so that if for any ri'ason the 
ri'lea.se magnet circuit remains closed, an alarm will be giv'cn. This lelcase signal relay is 
slow' acting, so that, in case the mnnbci' of calls are to be registered, a meter can be 
operated. 

17. When the called jiarty clears first, RI4 (l('-i'n('rgi.ses and clo.ses the calling su|K'r- 
visory circuit, which, when u.scd, is wired to a lamp a.s.sociati'd with a .slow acting set, so 
that, if the caller should not clear within a reasonable iieriod, a visible and a.U(lible alarm 
will be given, 'i’he entire connection is maintained until the caller clears, when R' 
de-energising ojicns circuit 2 to de-energise R2, which in turn closes the release magnet 
circuit and allows the switch to restore to normal. 

24. If the number called should be bu.sy, earth over the private bank and wijier ojicrates 
l!24((l), relay R7 inomentarily holding the circuit to R24 closed, after the iinjmlses from R' 
< ca.se, on account of its slow release action. 

25. R25 locks itself to ground over the private n'iper. 

25'. As soon as R7 de-energi.ses, after the .seriiv of rotary impulses, it switches the 
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locking circuit of R24 from the make to tiie back contact of its make-l>ofore-break springs 
to earth at B2, • 

Jtelay R24((J) f)])ens tlie rotary magnet ciivuit 0 to i)revent 'furtlier rotation of the 
switeli, in case therfiallcr sliould again turn tiic dial. 

20. Busy tone is connettisl to the positive line of the caller through the condenser, so 
that two or more switclfl‘s calling busy nuinbei's will not be lockc'd iijj over the common 
Imsy wire. The busy tone is also takei\ through a conden.ser, common to each unit, so 
that, ill ca.se the bu.sy circuit should become earthed, it will not be out. of service in the entire 
exchange. R24^1so ojiens circuit S to tin? jirivate wiper so that RK cannot operate and 
establish the cirimit. in the ringing jiositiou after the busy number called is freed. 

25. R24 is locked up from earth at the make contact of 112 instead of from the jirivate 
wijier, so that it will not restore when the <^a.ll(>d party (dears, and close the circuit to R8 and 
establish the circuit in the ringing position. 

The caller cannot, of course, conic in on the number called, as H.8 has not energised. 

* When the caller clears the conni'ctor switch is released. 


Section 17 

TWO-WIRE SIDE-SlVITCHLES.S RO'I ARY CONNEC'l’OR CIRCUIT (Fig. 42) 

('ircuits I to inclusive are similar to llio.se described in connection with Fig. 41, 
immediately jireec'ding this, 

t>. The impulses of the liiial digit interuiittently do'energisc 11' and operaU* the rotary 
magnet RM in series with l!ti(F). mIucIi energisi^s and remains energised during the imjmlses, 
R.M stejis the shaft and wipers to the terminals of the called number and also ojiens circuit 
0 to Rtl. 'The 1.511-ohui inding wound on toji of and in multiple w ith Rli jircvents excessive 
sparking at the impulse spriiias o! R'. 

7. Relay R7((i) energises- also slow to de-eiK'rgi.se, and opens the eireiiit to the private 
wiper I’r2, so that relay K will not open the rotary magnet eireuit, while the jirivate wijier 
]’r2 jiasses over busy eontaels. *' 

S. R7 jirejiares the eireuit to the I2."> ohm .starting winding of relay K and closes its 
own eireuit to earth at K2 

V\'hen the imjiulses cease IU)(F) de (mergises, and if the number called is not in use, 
or belongs to a jiarty baling only one line (in which ea,se the 1‘rl and I’r2 are strajijicd 
togwther), Rli closes the eiieuit to the l2r)-ohm starting winding of K. 

it. If, however, the number called lielougs to a party having a grouji of two or more 
lines (in which ease only the terminals of the last line are strajijied together), and the first’ 
line is in use. earth from the jirivate terminal and I’r2 ojierates relay H!l(.l) as soon as the 
rotarv armature restores. 

10. Circuit to shunts tlu' l2.'i-ohm winding of K so that it will not ojierate in .series with 

RiH-l). 

11. The rotary magnet R.M, ovei»a circuit to earth at R2, energises and stejis the wipers 
to the next terminals, and also ojiei#s the eireuit 0 so that R!» de-energi.ses. Circuit 11 to 
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the rotiirv iniiiiiict is (ijiciii’tl and allows K.\l to tle-fiitTgiso. If (his set of terminals is also 
in use, and is Jiot the last set of a uroii)!. (lit KM will a};ain operate and step the wipers to 
the next set, and anain open the eirenit to ItO. This will l)e repeated until an idle line is 
found, f)r the last, set in a jrronj) is reaehed. i , 

12. If an idle set is haind Kit de-ener^dses and opens the shunt 10 from K, so allowing 
flu' l2r)-ohin winding of K12(K) to energise in parallel wdth the winding of R9, and in series 
with the bridge eut-otf coil of the ealled line switeh. 

i:j. Relay ItO on aeeount of its stiff spring and adjustment w'ill not ojierate, and thus 
allows K12 to loek itself through its l..‘f00-ohin winding, and opens the eii;cuits 7 and i),aiKl 
117 de-energises. 

14. The private wi))*')' l’r2 is earthed to make bu.sy the number ealled to other ealling 
lines, and operates the line switeh Isridge eut-otf relay, which cuts the bridge of the ealled 
line switeh relay tVoin the ealh'd line, 

15. TIm' inteiTupt(“d start is earthed so as to start the ringing interrupter, and opens 
the K.M circuit (i and 1 1 so as to jirevent furt hei- rotation of the switch shaft in ease the calling 
j)arty should again tui'ii the dial. 

1(>. Kinging eireuit to the lalled line from interrujited earthed generator, over the 
ealled }>arty's ringing loop and 2nn-oliin winding of I'elay K ltHF). 

'J'he back <'ontaet of the generator interrupter relay is eonneided to direct earth, and 
this alternates on the line with the earthed generator. Relay Klfi being marginal, does 
not energise in series with the ringer and condenser. RHl is made slow' to de-energise f«ir 
the reasons given in the pn-vious eirenit. 

17. The ringing current induces a current in thi' l,:il»n-ohni winding of Rlti. thus giving 
the caller an audible signal every time the ealled l)ell is rung. 

18. When the ealled ])aity answers R l(i energises, opens the ringing eireuit Iti, and locks 
itself over the l.tlttD-ohm winiling. 

19. 'J’he ealled line is connected to relay R 19(D). 

Circuit 15 is completed to the starting relay of the ringing interrupter so that the 
ringing interrujrter does not operate while the .switch is in the talking ])osition. Tlw 
interrupter generator eireuit 19 is ojiened .so as not to grmmd the )>ositive wire to the called 
jiarty. 

2(t. The ealling supervisory cirmiit is closed. l>ul is again opened at R19. 

21. Rl'.i reverses the battery to the caller so that the metew, etc., niay be operated 
as described in Fig. 41. 

When the called ])arty rejilaees the rec(“iver lirst. circuit 19 is ojiened, 1119 de-energises 
and closes the calling suj)ervi.sory circuit, 29. for use as de.scribed in Fig. 41. 

M’hen the C'uller replaces the receiver tirst. circuit 21 o])ens, and it' de-energises, and then 
R2. Cii'euit .‘5 is o])ened, and the swib'hes on the release trunk de-en<‘rgise. 

22. 'The release magnet energises, and the switeh returns to normal. When the shaft 
falls the rdease circuit is opened at the off-normal sjirings. 'Fhe l)attcry to the release 
magiwt is taken through a slow acting relay, as and for the ])\irposc before de.scribed. 

If the individual number ealhsl or the hast line in a group should be in use, circuit 9 
is eomjdeted over the .strai)i)ed earthed private terminals. lt(i(E) having de-energised when 
the impulses ceased. 

2Is. Relay K23(H) energises over earth at the stj'ap])ed terminals over wiper i’rl. 

24. Relay R2:i(H) locking circuit, over earth at^K2, instead of from private wiper so 
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that it will not de-energise and remove the inisy signal, if the railed nninher is freed before 
the caller ivplaces the receiver. • 

25. H!t coTupletes a locking eiixmit for itself. 

R12 l2r)-ohin winding is slmtited .so *hat it dcx's not energi.se. 

The ItM (.•ircuits (i and Pi ar<> o|)<'ncd by R23 to ])rev(‘nt further rotation of tlu' switidi. 

Circnit 23 is openwl al R2:{(H) so that wiper I’rl cannot earth, and so busy the nnmiH'r 
ctdied, after the ealle<l party rephna-s the receiver. Cireiiit 7 is also oj)ened so that U7({<') 
dc-energiscs. 

27. Busy toi\t‘ is connected to the positive line of the caller, as before described. 

Relay R7((l) de-energising opens the locking circuit 25 to R!( so as to allow R.it(J) to 
tle-energi.se. 

The caller cannot eonie in on the called number as RI2(K) has not operated. 

W'hen the caller replaces the receiver the switch is released as before. 
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Section 18 

I'ilE CIRCUITS OF I HE AUTOMATIC TELEPHONE MANUFAC'l URING CO.’S 
SYSTEM AS USKI> BY THE BRl'ITSH POST OFFICE 

FigH. 4;i- 4(i .sliiiw tile fivcuils of a 1 iiisliillatioii of tJiat sTsttiii nio(li(i('(l to 

tticcl. t he J)i'j)ai (iii('ii1i\s pai'lioular coiuJitioiis. 

One s(“l(rloi' only in sliowji foi- Uio sako of siinplicily and lo inako diagram inoiv 
coinpact. A swond selector, in ('very \\a\ similar lo (liat sliown, can lie added to make 
the installation snitahle. for lo.noo lines. Hy adding a third selector the capacity is raised 
lo lOO.OIM). and hy adding a fourth the capacity is raised to 1,0(10,000, The actual caiiacity 
is slightly less in each ease, as the (irsi 100. l.OOO or 10.000 nuinhers may not he used, lo 
avoid nuinhers heginning vvitiF 0 or 0I> and the like. The final numher of the capacities 
specitied ai’c not used (c.f/., 1.000 hecomes O'.IO) and they are. therefore, often sjioken o'l as 
.'i . I-, and (i digit systems res|)ec( ively. 

'I'o increase the aece.ss to Iriinks at the picselector or predigit stage, and to providi 
greali'r Ilexihility, primary and secondary line snitches, or |)reselectors, aic used in all liusy 
and larg(‘ installations. Sjiecial features will he jiointed out nhen dealing with the circuits. 
’I'hesc are numhered in the order of o|ieration and arc as follows . -- 

1. When the receiver (Fig. 13) is lifted (o call the line relay Lli is energi.scd. This is made 
slow to deenergise to maintain certain circuits until thev can hi' (om|ilcled at another point. 

2. Line switch J^S is energised through its 45-ohm winding and hoth armatures pull 
u|). Plunger enters hanks. IJl eirenit 1 opened. 

3. The snhseriher's loo]) is now e.xtended lo the hank springs o| the .sccondarv line 
switch SJ.S (h'ig. 44). 

4. Itelav 114 is energised through the meter winding. Meter does nol ojieratc. 

5. 'I'he ojien main feed relay UMF energi.ses and shoi't circuits its 2.77.'i ohm winding. 
Belay K5 eiu'rgises, also secondary line switch. Belay B.7 connects hridge cut-olf. (ir 
holding winding, B(‘<) of primary' line switch PLS, and high resistance coil of nuter relay 
MB to earth. 

li. 'I'wo windings of the secondary line switch (SLiS) magnet are in series and the plunger 
is thrust into the hank. Belay Jt.’i de energises. 

7. fsuhscriheris looji is e.xtended to relay IB of selector, which energises 

S. (luarding relay G energises, also supervisory relay BS. 

'.). Holding circuit for PLS inagnet. 

10. Uireuit (partly over tl) through rneti'r relay MB, which does not operate, as current 

is also through the line coil (circuit 3) in ojiposition. ■ 

11. Belay 1!4 energising also comjiletes a circuit to J’MS start relay StB to cause master 
switch MS to move all |ilungers ojipositc the next idle line, (.'ircuits 11 and 5 connect 
telays StB and OMF in parallel. The 2,775 ohm coil of the latter enahles the relay StPv to 
operate with precision. 

12. Jjoeking relay Jjk eiu'rgises. I’in withdrawn from master switch rpradrant. 

13. Slow rela'y B13 oiieiates to cut the ojicn main fi-oin the line switch. There is ruj 

callii'ig while the master .switch is ojierating. , 

14. When the riiaster switch has .stepiied the ^huiyeis hey'ond the last hank contact. 
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till' arid I doses eifeiiil of the trij) niafiiiel Tit, wliidi energises. At next call the .start 
relay StK, energises (circuit 11). Locking relay Lk energises (circuit 12). Relay R13 
energises. Relay R J3 delays the o])eration of any liiu' .sm itch until aii idle trunk i.s associated. 
'I’he possibility of (touble connections is fliereln reduced to a niiniinunt. 

1. '). The solenoid Sol^ energises to carry tlie shaft and plungers to the opposite end of 
the banks. (In ])assing all idle plungers eng;ig(‘ with the .shaft.) Relay StR de-energises 
and the trip rday is relea.sed by the arm to to open the circuit to the .solenoiil, when the 
phingers move op]»o.sitc an idle line. 

Hi. Retainiit^f circuit of start relay ytR. 

17. Supervisory relay iS(i energi.ses should the ]»in mount on the teeth of the umidrant, 
tho locking relay Lk then being operated nieeh.inically. T'his provnh's an alarm against 
unsatisfactory working of the master switch. 

Ih. Alarm circuit on blue lamp ami tell-tale. 

,(For mechanical details of master sw itch see Fig. 24.) 

Ml. (’ircnit !) is e.xtended to the start relay Stll ol secondary master switch, which 
eneigi.se.s when the plunger enters the bank, to step ,ill idle plungers to ne.vl idle trunk. 
The secondiuy master switch o])erates in the same manm-r as the primary master switch 
just desei'ibed. 

211. If all lirst selectors of a gronji are bu.s\, it is nece.ssary to connect all idle primary 
line switches to other groups having idle tirst .selectors. Relay StR is kept energi.sial by the 
line switch limiting, ami the open main l ut olT relaj'’ (which is normally energised) de- 
energi.ses. .\ll primary master switches as.sociated with this all-busv .secondary masti'r 
switch w ill be energised, to move to an idle gr(ai|i of si'condarv line switches, w'hich .secondary 
line switch relays are not operated in this condition. 

21 As each trunk to a lirst .selector is engaged, a chain rela^' R21 is energised (partly 
over circuit !l). 

22 When all the 1(1 trunks arc busy and the a.s.sociated chain relays energi.sed, the 
•'Yop l elay i.s laiergised. The stoji relay b\ opening cinaiit a cuts battery otf the secondary line 
switches and master switch. 

23. Rotary switch relay 1!23 energi.ses. 

24. Locking circuit of 11,23. 

2. ''>. Relay 11,25 energises. 

2(i. Relay R2ti energises to open circuit 2.7, and relay J17 and the rotary magnet Rot. 
de-energise. The wijier is I Inis step|)ed round. 

27. Karth is connected to the wiper, and thereby to each terminal in turn. Lach 
terminal i.s connected to a, start, relay StR of each primary niastei’ switch having access to 
this group of secondary line switches and enables each primaiy master switch to rotate 
eom[)l('tely. Relay R2() is made .slow to relea.se, t,o enable the primary line switch shaft 
to pick up all idle line switch jilungers. 

28. When the wiper reaches the last terminal contact h is closed and 1128 energises. 

2tt. The release magnet lid. energises and restores all relays to normal. One rotary 

switch is provided for each 10 secondary gioujis. If any of the 10 gronjis stiU test busy 
the rotary switch will again operate to restore the idle line switehes. , 

30. Relay SyR energises, with both windings in scries, when hKikmg relay LkM ein^'gises. 

Jf’irsl digit ivijiiiheti (l'’ig. 45). Oircuit 1 is opened intonnittenyy accordingly to the 
value of the d^it called, and relay Ilf dc-eiiergises accordingly. 
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:U. Tlie verliciil magnet \’M energiscH and steps uj) the sliaft to the level associated 
with the digit called. Belay Rli) energises lor the duration of the impulses. 

32. Relay R32 energises. 

33. Holding eireuit of relay R32. 

After the impulses relay K32 de-energises. 

34. Rotary magnet RM energises to move \vi))ers to first terminal and also opens 
contacts R and S so that, circuits 34 and 33 are opened. If the first trunk is imsy relay R,32 
will remain energised over wijter J'. and rotary magnet RM will de-energise. Circuits 34 
and 33 are again closed, and if the next line is Imsy. RM will again energise.md oi>en eontaets 
R and S and then close them, and ,so on uidil an iille line is found. Relay R32 and rotary 
magnet will then de-energise. 

3r>. Switching relay RS.") energises to extend the calling line to the connector. Relay 
(1 is slow to release, to maintain the circuit until the line is extended, to put earth on guard 
wire at eonnecdor, 

3(i. Loo]> 1, 3, 7, extended to impuLsi' relay R3ti (Fig. 4(1) which I'liergi.ses. 

37. (luarding relay R37 energises. 

38. (tuarding or holding circuit. Relay R3K energises. 

38'. Holding eireuit of relay R38. Tpper winding of R38 short-circuited. 

Seroiid diyit itiiiiid-ie.s (Fig. 4(i). Rcday R3r> de-energises and re-eiu'rgises according 
to the numher of the im])idses of the digit. 

311. V'ertical magnet \'M energi.ses aod steps up the shaft a eorresjanuling immher of 
levels. Relay k3!) energises for the duration of the im)inlses. 

40. Private magnet PM energises for the duration, as above. 

After the imi»ulses relay R30 and private magnet P.M de-energise, anil the side switches 
are tripped to the seeond position. 

Third’ digil imimiscx. 

41. Rotary niagnet RM energi.ses and sti'ps wipers a distance corresponding to the 
impid.ses of the <ligit. Relay R3!i energises for the duratiott, also private magnet l‘M 
(circuit 40). 

After the impulses relay R.3it and PM de-energise and the side switches are tripped to 
the third ])ositiou if the called line is idle. 

42. The called line line-switch LiS' pulls up one armature to cut o(I the line relay LS'. 
Karth on terminals from side switch guards the line against other callers. 

43. Relay R43 energises. 

44. Ringing circuit (circuit alternately earthed over 44'). 

Relay Jt44 does not energise. 

When the receiver is lifted to answer Jv44 energises. 

4."». Relay R4.') energises to suj)ply current to the called microphone. 

46. Windings of relay R.36 are reversed to calling loop, which reverses the current in 
the calling loop. The currents in meter relay windings are now in the .same direction and 
MR energises. 

47. Meter M registers one eall. 

48. The inetei; winding in t he line circuit is short circuited. 

lyicrophone current for the calling subscriber is through relay R.3(!, for the called sub¬ 
scriber through R45. ^ • 

If the railed mbxrrdm lutd. been engaged the priviftte wiper P would be earthed. 
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4i>. With shU' Hwitclios in (lie seruinl |)f».sition relay It.’h) wouJd (k'-onergise after tlie 
third digit impulses, hiit circuit 4!l would he c(Vin]>lete<l hefore circuit 40 was hroken, and PM 
would remain energised in series with relay H4!», which would energise. The side switches 
would not move to the third |tosition. 

50. Retaining circuit ot r(5lay R40 

51. Riisy signal to calling suhseriher. 

As the side switches did not move, relay Rti! woidd not eiuagise to join iiji th<! liiu' 
wipers. 

52. WIk'I) tile <'alling receiver is replaced, (hi connection is broken down by the rcleas- 
magnet IteL energising. Relay R52 energises to glow lamp IIS (green) as a. clearing signal. 

53. Should the cidled receiver be replaceil lirsl. and the calling siib.scriber delay to clear, 
lamp AS (white) will glow as an alarm signal. 

Winn II rail i-i from a milixcriher roii.iarlnl lo a manual hoard, current, for the called 
ini^'roplionc is fed from (he cords, and all connector bridges are cut otd ott circuit. The 
holding circuit 3.'< is earthed at the cord, and t his. with the cart h at the iiiijier contact of relay 
R37, short-circuits the 25ohm winding of relay R3S. which cannot theri'fore energise. 

54. Switching relay 1154 energises over the holding wire and earth at the cord. 

55. 'J'he line from the manual board is now exiendeii diri'ctly to the line wipers without 
bridges or condensiu's, and the control is in (he hands of the operator. 

The withdrawal of the cord de-energi.ses relax R54. and the release' circuit is completed 
as befoi’c described. 

5(>. If the line called is engaged, a lamp (lashing signal is giv“n by (he supervisory relay 
and lamp on the cord, partly over eireiiit 51. 

The subscribers control (he siipervi.sory signals as in manual practice. 


Section 19 

KEITH IJNE SWITttH AND ROTARY CONNECIOR CIRCUITS 

For smaller and less biisx' in.stallations, a. single line-switch is u.sed. This is shown at 
Fig. 47 in i-ombination with a rotary connector. Fig. 4)S. Such a combination may be used 
in small ot'liccs, but is u.sed here .simply for illustrative purposes. 

A rotary eoinieetor mav be rotary on one level oi' all levels. It is u.sed to coimect with 
one‘of a plurality of lines, serving a private, branch exchange, which have one common 
calling number. A level may contain lines to more than one, branch exchange. In Pig. 48 
the private terminals of three such groujis are shown. A double row of terminals are required,* 
but all exce|,)t the last of each gi'ciuji ot the upper row an* insulated and not used. 'I'he last 
upfier and lowei' terminal are looped together as shown. For the second last digit the shaft 
rises vertically in response to and according to the number of the itypulses in the*u.sual 
maimer. For the best digit the wiiiers rotate step by step, according to the numbeij of im¬ 
pulses in the digit, to reach the tir.st '(terminal of the groiq), then, if that and adjacent lines 
are engaged, the wdjiers will steji aut Jimatically until an idle line is found. 



54 KEITH LINE SWJ'JX II AM) ROTARY CONNECTOR (TRCUITS 


The switch is thus a coinl)mati()ii of a selector and a coimcctor. 

'J'he circuits are numbered iu the order cK operation and are as follows ;— 

1. When the receiver is lifte'd to call, the line relay LR is energised. Idl, is made slow 
to <le-energise to maintain the cireuit until it is completed at the selector »r connector. 

A. T. \1 CO .s .s’iSTKM AS 1 Si;n nitlTtSU l>(tST Ot’KlCK. 




2. I he pull-dot, n winding of the line switch L8 is energised to thrust the plunger into 
the batik of contacts of a preselected trunk. LR de-epergises and cireuit. 2 is opened. 

The loop 1 is extended to the relay TR3 of the ^onnector whieRenergises. 
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4. lU'Iny (il\4 (’in'rf'iscs, Tliis i.-i .'■Idh to ilo mikI Jimiiitniiis Itio 

Iiuldinn and release Mreiiits diiriiiii a train of ii»i|»ulses. 

5. Holdinj; eirenit for tlie line s«iteli LS tlironjili tlie liridj'e eill-utV eoil l»C(). R('la.y 

!!.'( eiieifiises. , 

o', (iiiardino jiolential on |)rivate lianU eontaets to iirevent another eallino line inter- 
feriiifi. • 

• o". Holding eirenit of relay l!o. 

(i. Ciretnt tlirotiyli jneler relay .Ml!, t'nrrent ni line eirenit windinj^ !! is in o|ifiipsition. 
.\n!, therefore, titles not enerjiise. (I’artl\ o-. e' einnit o to til! earth ) 

7. (’irenit to inasUT switeh hanh (not shonn. see h’i^'. 4.'!) |)arlly over eiiciiit .'i. 

FirM digit inijiiilsi.^ I’ehiy I l!l> de-ener.iiises and re eiu’ioises in a manner eoi'nisponil 
iiifr to the nnnihei' of impnlses in the diuit e.illed. and inteiinitlentiv makes and In'eaks 
eirenit S, 

.S, 'I'he verlieal magnet A’.M sti'ps np tin' shaft and uipp'is to the level eoricsj)on<lm}; to 
tluAlioit. I’l'ivati' magnet lelay I’H enerjiises for the dnr.ation of the impulses. The normal 
eontaets are idosed on t h(> lirst step. 

tt. The private maj;net I’.M eni'roises for lh<' ilnr.ition ot the impnlses. 

After the nnpidses. relay I’S anil private maenet I’M de-enerei.se, and the side swit.ehes 
ai’e tripped to the second position. 

Stroud’ digit ioipiilxi.'! I!ela\' I l!,'i operates as hefore. 

Itl. 'I'he rotarv mafinet I’.M steps the nipeis roimd a distanee eorrespondiiie to the 
im))nlses of I he (lioit. I!eki\ l!S enereises then I’.M (eiremt M). • 

11. Relay I’ll enereises on each enerf>isalion of the rotary maenet U.M. After the 
impnlses RK and t hen I’.M de-ener<;ise it the lirst line of t he i;roiip is idle and 1 he side switches 
are mined to I he third position. 

12. If the lirst line of a }fronp is hns\ , lernimal tl will he eonneeleil to earth hy its 
assoeiated relay (!R. The private mai;net therefore will not de-ein.'rtiisi'. 

i;{. The rotary ma};net RM will ai;ain eiieteise over a, new eireint. Cirenit II will he 
ajijiin eompleted, and rehi\ R 1 I enerei.sed to open eirenit R! In de-enerf<i.se the rotarv maffiiet. 
The wijiers will thus he stepped to the next terimnals. If that line is also hn,s\, the private 
mafiiiet will remain eiieiyi.sed. and the rotar\ magnet a^.iin step, and so on until an idle line 
is fonnd. 'I'he private ma^inet will Iheti de eiieteise and trip the side-swilehes to the third 
|)osition. 

I I. Rartli to make hnsy the line l oimeeleil. 

I,">. Relay R Ienereises. 

111. Rintiin^ enrrent lirenit to the hell of the ealleil line, relay R I ti does not enerj;i.se. 
Wheti the receiver is lifted to answer, I! Hi etiertiises. 

J7. Jvetainine eiretiit of relay Rlti. 

I.S. Battery feeding einaiit to called snhseriher. Relay RIS enerf.',i,ses. 

lit Relay RIS reverses the eotmeelions to relay I R.!l. and the enrrent in the eallimj; 
snh.seriher's loo() is eonseijtietitly reversed 'I'he eiirrents in the two winding's of the relay 
.MR are now in the satne direction, and relay AIR energises. 

2(1, The meter A1 now etieiffises, and registers one call against, the caller. 

21. 'I’he line winding of the relay .MR is short-eirenited. ^ 

22. If all the lines in the partietilav group .si-r\ iiig the I’.B.X. called had been hiisy, relay 
R22 would etiergise over (lie loopeil e’^td terminals (partly over eirenit J4). 
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r.f; 

-3. Holding cinniit of relay and ])rirute magnet l*M. Ak J’lVl does not de-energise, 
tlie side-switelies do jK.t move to Hie third pflsit ioii. 

24. A liusy tone is given to the ealling snliserihei-. If the eonnection had heen made 

through a niannal hoard, a lain|i-Hasliing signal would he given over the same circuit (sen 
Kig. 4(i). * 

25. When the calling receiver is re|tlaced after conversation, the looji I is opened and 
relay IR2 de-energises, eif iiit 4 is then opened and (}|i4 de-energises. 'I'he holding circuit 5 
heing then opened, the hi'c switch ItSfl coil ile (‘iiergi.sed. and the switeli is restored to 

.normal. J|{;t and (Htt complete a circuit for the iclea.sc magnet which energises to restore 
the switch, and again open i irmal contacts X. 

// the mil hax limii wmh' llimiigli a iikiiukiI honnl . circuit 5 would he earthed at the 
eoril, and relay lt5 would not energise. 

The conneetor is operated as hcforc descrihed to call a line. 

2(i. With the side switches in the third position, relay l!2li energises 

27 'I'he suhscrihers loop I and :( is thi'ii extended directly to the wipers without eon- 
ileiisers or hridges. and niierophone enrreiil lor the called party is from feeder-hridges in the 
cord. 

t'leariiig. The w ltll(lrav^al of tlm ping opens the loop, and III.'! and tiH4 de-ciiergisc to 
release t he eoiiiieetion as hefore 


Section 20 

KKIMx.Vl liR WORKINt; 

Repeater in an Outgoing Trunk between two Automatic Offices. Direct impuls¬ 
ing, through inti-rniediate otiiees. has not hei'ii foniid satisfactory in practice, owing to the 
impulses losing t heir sharpne.ss and just as long telegraph and other lines have to have their 
eiirreiits relayed, so antoniatie impulses have to he relayi'd or r(“peated 

.\t the distant end of a trunk a relay is introduced which responds to the makes and 
hreaks of the dial sender, and usually this .same relay opens and elo.ses a new loop eirenil 
which extends to Hie ofliee heyond. 'I’he impulse eiirrents may he repeated a seermd and 
third time as reipiired 

h’ig. 4!t shows a repeater eiremt as ii.sisl hy the Itritish Post t (ftiee. 

.A hririge is eoniieeted across the loop at the .si'leetor end of the Iriiiik. which eom|)letes 
a circuit tor a relay at the distant end, which responds to the openings and closings of the 
hridge in resjionse to the dial impulses 'I’his bridge akso eonnei ts the eondensers together 
to prevent their discharging into the I'ireuit In .some eireiiits the eonden.sers are entirely 
cut o(f from the outgoing triiiik whilst nnpiil.ses are being sent. 

The circuits are niiinhered in the order of operation and are as follows : 

1. 'I’he loop is extended from the selector hanks, or other .switches, and impulse relay 
lit' luiergises. 

2. (luarding reluv (ll{.2 energises and remains i‘*iergised during impulsing. 

Holding and hu.syiiig circuit for jirior switch,? 
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4. t'Lrcuit completed tliroiij»li n'lay H4 wliieh. Iiowevei’, does not energise owing to the 
currents in the two Vindings opjiosing eaeli other. 

r>. Loop coin 2 )loted over truidv to distant ottice. tlirougli relay lO and retardation coil 
HC. The local eir«;uit through 1>4 holds it energiscfl when I lie loop circuit is opened. 

When digit impulses are sent relay lit' de-encrgis<'s and re-cnergiscs. according to the 
value of the digit. * 


- Tk. from 


-Tk. to 



■ a 


Distant Office 
1 « 


Set. Level Distant Office 8 

Relay MR must not putt up until current is reversed iy 
ans werin^ party . 

Fii.. m. l{Ki'K\Ti;it I'lUi (Uti.iiim. ’I'lu M< .\c'ro ti> .Vi to. 



(i. Relav Itti energises on the first dc-euergisatiou of lit' au<l remains energi.sed for the 
duration of the iinpnl.ses. 

7. 'I’he associated chain relay encrgi.ses when relay 1(2 energised. .All chain relays 
energised indicate when all trunks of a groiij) arc hu.sy. > 

H. Circuit 5 is opened at relay R(i, and a new loo|) circuit closed and opened at lit' for 
imiudses to trunk. After the impul.sf;s R<> de-energises and circuit a.is again completed. 



.>8 


jip:pkater working 


Wlien the ciirjvnt is revorspcTat tlie cotinertot' by tbi‘ .siibsc^ribcr nnswprinji, the eiin'eiits 
ill relay li4 are t lwn in the same direetien aijd K4 energises. ‘ 

!t The windings oi relay IJV ari' then reversed, and enrrent in the calling siih.seriber's 
|iMi|i I'eversed to operate the meter, etc. 

The talking circuit, is from loo]i I to looji .■> tlirongh thi' e.ondcnsers. 

-Microphone current for the ealh'r is from relay IK'. 'Ihe tVilled party draws battery 
from the conneetoi’. ,, • 

10. When the calling sub.seriber clears. 11!' and (1K2 de-energise; relay Rti energises 
and maintains earth on the holding eireuit for a biief period to ensure yll switches being 
‘leleased. 

Repeater on Out)Soin}» Trunk between an Automatic Installation and a Manual 
Board (Kig. fiO.)-- I. Jjiue e-xtended from a .scleetia' to uujuilse relay 11!'. Mliieb eiieieises. 

2. Kelay tij!2 energises. 

.'{. t'ireuit. tbroiigli manual board eomiih ted Ibrougli letardatKai cod KC 
1. Holding and busy eireuit for ju ior sn itch. 

'rile digit impulses de energise and re energise relay IK'. 

Cireuil 2 opened and < losed interuuttently to send impulses to line. 

•‘i. When Hie caller clears relay IK' and (rl!2 de-energise. Kelay I!.') energises to main¬ 
tain earth on guarding «ire I', until switches release 
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Section 21 

TRUNK OFFERING CIRCUIT 

A ticket is mafic i>iit fov'cacli (Icniand for tli(> use of a trunk or 1<»1I line, and when a 
toll line becomes idle the e?dl is reversed, atnl thf' original ealh'i’ is now called by tlu' trmd< 
operator. Bctvw'en these })criods the caller may have initialed another call, or he may 
liiive been called by another |>arty and his line now tests I'lipajied. Anain. a ]>arty etiKiiitefl 
in ii. local conneetym may be reipiireil for a I'Mink call from anol.her exehanire and he has 
to be given the ojition of abandoning the local call and taking (he trunk call. The operator 
inu.st therefore be able to make e.onnt'etion with an engaged eirenit and oll’er the call, and 
when the caller of the local eonneetion rephuM's the receiver (if he is the party wanteil). the 
local eonneetion nnist be .severi'd d'he operator tIuMi release^ the otTering (annit and 
completes the connecting over the regular einaiits. 

In small exchanges it may be .snllieiiMit to call two digits on the olfering eonneetor, 
but in larger exehaiiges it is advi.sable to keep the e.dling unifoini for all types of calls and 
dial the full number. A distriluitor or w digit selector is used in addition to the connector. 
This arrangement is shown in Fig. .“il and the cin nits are nnnibered in the order of operatifin 
and are as follows : 

1. A plug is inserted in the jack at the trunk exchange and relay I!' (Miergi.ses. 

3. Rf'lay 112 (slow to de-fMaagi.-e) energises. 

2. Distributor engaging'eiifaiit. 

First digit impulses sent. 

4. On the lirst bi’eak relay 111 and (he vertical inagnet .M4 iMiergise. I’.l is energised 
for the duration of the train of inipnises. 

Magnet A14 lifts the shaft to (he level associated with the digit. 

.■i. Frivate inagnet Al."> eiaagised. 

After the (rain of impulses relav It' remains energised wIkmi eirtaiit 4 is opened so (hat 
R4 de energises. !!."> then de energises and the side switches move to (he second position. 

Second digit. im|iulses. 

0. On the tirst break ciifaiit 4 is extended over circuit (i, in which It4 anil the rotary 
magnet Alb are energised. The wipi'is arc carried lonnd (he are a distance eorres|)onding 
to the digit. 

A15 is again energised in circuit 

After the train of im[inl,ses I!' remains energi.sed and 114 de-eneigises. 

7. If t he eonneetor is busy a eireuit w ill be completed for M.'i over side switch A in second 
position, so that Mo does not, de-energise and the side switches, therefore, are not moved to 
the third position. 

8. Relay It7 is energised and held ovei' the shaft otf notinal contact. 

t>. Busy flash circuit, to calling line. 

If the eonnect.or is idle the private magnet .VITi fle-iMiergises after the second digit, and 
the side switches move to the third jiosition. 

lb. Belay BIO energises. 

11, Trunk extended to the connector and relay IMl energi.sed. 

12. The third eonduetor I* is e.xtendcd to earth at iMinneetor after relay Bit! enei'gises. 

I.'i. Belay B 12 energises. 
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Relays R' R2 de-energise. All the sdeetnr afiparnliis is cut from the line to the 
connector. 

Third digit impulses :— 

14. On the first bn'ak relay Rll de-energi.ses. Relay RI4 energises in seri(‘s witfi 
vertical magnet Ml4, and fhe.'shaff steps up the wipers to the as.s<.>eiated level. 

15. J’rivate magnet rIo energises and o|)ens tlic' line (areuif to the wipers. 

After the train of impulses relay Rl 1 remains energised and eireiiit 14 is opened ■ there- 
fort- relay liO de-energises, then IM5. The latter allows tin* side swilehes to pass to the 
second j>osition. 

Courth-digit impulses. 

Hi. On the first break relay R14 is again energised, in series with the rotary magnet M Hi. 
Mlti rotates the wijters a distance corresponding to tin- value of thi- digit. 

After the train of ini])ul.ses relay R14 de-energi.ses, then Rf 5. 

]7. The trunk line is extend(;d to the wipers. It is H) be noted that, no connection is 
marie to the test circuit, f»r third conductor, and that the line wires connected to the local 
circuit are insulated. The operator can. then'fore, otter t he trunk (;all and, if accepted, the 
hanging up of the local caller's receivir will release tlie connection in know'ii manner. 

Rela.y RJ1 remains aero.ss the looji on the trunk sidi' of the condensers, and relay R13 
remains energised. When the offering ])lug is wit hdrawn the connection is released in known 


manner. 
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Section 22 

TKS r CLERK'S CONNECTOR, FOR INWARD CALLS (Fig. 52) 

Tl]|^ i-- lor jiciicr.il v\oil;. and i.'. al-o ii-ii'd for tcstiiit; dials t](yii sidiscriliors' oHicos. 

The (•ii'( Mils. iiiiiid»(T( d in tlic oi-dcr of o|)cralioM, am as follows ' — 

1. W lull a c-oiiiici tioi i- (‘.\l(‘iid(‘d tlirou!’li flio arncral sysloiii, r(‘la\ If' is ciiergisoti. 

2. Ilclay l!2 cMcigiscd 
.'! Line <'li;;ai'(‘d 

'Fens dif.'it inijMilws rccci , < (1. 

I I Ml llic (irst liroak relay Hi eiieiyise' in series with the vertical magnet M4, and the 
wipers are --to|i|ieil up to a particular l('\el 
o I’rivate magnet .Mo i^ eiM'rgi'ved 



I'll.. ’I’jvvr ('i.kkk'.' ('owr.iToi; ('lueeri 


.\ftei’ the train of inipnises, relay H4 de-energi.se.s. thim .M l, when the side-sw'ittjlies pass 
to the second position. 

I'nits impulses reeeited , 

t). On the first hreak H4 energises in .series with the rotary magnet and the wipers 
are .steiijied roimd to a particular set of terminals. 

.M.h again energises in eireuit 5. 

After the train of imjmises If I and then iM."> de-energi.se, when the ,side-.switehes pass to 
the.third position. 

7. The line eireuit is e.Kteiided to doiilile wipers. Relay H' is a hridge across the loojt. 
H2 remains energised. , 

!S. Additional tr.Mns of imjmlse.s may now he rei^ived on the speed tester. 
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J’liij" l irc.iiit for ili.il spccil livstirm (I' lu 

Tills I'iiciiit is similar to the alioic, and tlic ciioiiits arc similar)! immlicn-.l 'J’lic 
relay IT is cmmcclcd Ui the pluc wilh (he eaithed vvimliiiu emmeelecl to the tip. 
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Sectiop 23 

TESTING EQUIPMENT IN AUTOMATIC SYSTEMS, A. I’. M. CO. (Fig. 54-61) 

• 

For intiking iii.suliilioii. i-f-si.staiu’o, and otlicr woll-kTiown tests, in antoinatie systems, it 
is neeessary to provide seleetors and eonnectors that eiit otf all o|>erating meehanism, and 
leitv’e eireuits from test jacks, over selei'tors and eonnectors, to the sniiserihers' lines as clean 
inetallie circuits without hridges and the like. 

For exehangu** having a eapaeit.v of from - IMIO to lines, eonnectors may he wired 

to the te.st hoard, and the lines he called hy plugging into jacks associated w ith the jiartieiil.ir 
lot) rec(nir(‘d. and then dialling the ti'iis and units digits only. This is not satisfa-clorv for 
large olliees. and two digit seleetors, or distrihutors. are used, one eonneeted to each testing 
position, which, in i-esponse to the first two digits of a four-figure nnniher. eiaineets with a. 
particular eonneetor. For systems of over lo.Odo lines such four-ligure eiiuipinents are 
provided for each Id. non lines. 

(hie test eonneetor is pi'ovided for each Idd suhscrihers' lines. 

W hen the te.st hoard has more than one jiosition. the ei[uipnteut lines are multipled on 
the dilTerent jiositions or sections with lamps, to indicate liiws husy on other positions. 

On the left of (he diagram (h’ig. .'ll), a single position test desk is shown. 

A two-jiosition desk is shown wired to a distrihutor and a eoniu'etor. 

Tlie eireuits, numhered in the order of ojieration. are as follows : 

1. W hen a Jiliig is inserted into a jack, .say •!', relay l>' energl.ses. 

2. Rela.v R2, slow to ile energise, enei'gi.ses. 

Relay R3 eneigises. 

4. J,amp L2 glows, to show multiple line engaged on other positions. The home lamp 
1/ does not glow. 

First digit iiiipul.ses .sent (Kiu. 

o. On the lir.st. de energisation of relav J!’, relay R.’! energises for the ilnration of the 
(rain of impulse's, and the vertical magnet \’ steps the wipers up to (he level eorre.s))onding 
to the digit called. 

(>. Private magnet Rti energi.ses. 

After the train of impiikses relay R' remains eiit'rgi.sed, R.''i de-eiiergisi's, then relay Jlii. 

Th(‘ side switches are then caused to move to the second position. 

Second digit impulses. 

7. On the first dcenergisation of rela.v R”, relay Ro re energises for the duration of the 
train, and the rotary magnet R moves the wipers round to the terminal corresponding to the 
digit called. 

Riela.v JlO re-energises in circuit (>. 

After the train of impulses R' remains energised, Ro (heenergises, then Rti, and the side 
switches move to the third po.sition. 

5. Relay Rh (‘iiergises over P', (,o coiniuct I*' to side switch arm a. 

if. A clean metallic circuit from jack t hrough distrihutor. and relay Ril (Fig. .').7) energi.ses. 

Itf. Relay RlO, slow to de-energise, energises. 

Teirs digit impulses (Fig. .'>(!). 

11. On the first de-energisation of .’elav Rh, relay Rl 1 energises fof the duration of the 
imjnilses, and the vertical magnet V skips the shaft up to the desired levi'l. 
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12. Private magiU‘t HI2 euergisc.s. ^ 

After the train of iinpulws relay Hit rtinaiii.s encrgwed, circuit 11 is ojK^ned and Rll 
de-energises, then HI2'. Side-switches steji to the .second position. 

Units digit impulses. • 

i;{. (tn the first de-energisation of relay K!». eircnit 1*1 fs again closed, and aday 
HU energised for the duration of the impulses, and the rotary magnet R steps the 
wipers round to the corresponding .set of terminals. Circuit 12 is againt^lo.sed. and R12 

energised. • 

After the train of impiil.ses, H 11 de-energises, then H12. and the side-switches are stepped 
to the third po.sition. 


Kr\», 'ITsi- 
I IliiiKnig 

I.IIIH Hom'ImiuI. 

KiiiMiiiiK ; I.III'-. 
I. l.tHo. 


TtftTs. 

hull Ti"*t 
.S|h*uKiiii' Tf^l 


Order of Keys and Labelling. 
/. Rinpn^. 

Z. Rever&in^. 
a. Earthing, 

4 Voltmeter. 

S. Battery Cut Out, ^ 

6 Dial Tester. 

7 . Battery Supply to Speakin^Set. 

a. Speaking, 

9. Voltmeter Reversing. 



ToTele. to 
Set Voltmeter 


l'’i«.. (Ki. I’osT Oki'Ii k ’I’rstisc ('mi l rr I'liii .Sm.m.i, .\c i'o.m vi'ic Ui'eicK- ( \. '1'. 'I. Cu. .Systu.m). 


N. i’elay I! 14 is energised, over depressed holding key on test hoard, to extend a clean 
nietallie eireiiit from the test jack to the connector wipers for te.sting purposes. 

1.1. Suhseriher's eiit-off relay energises over P2 and circuit S, to hiisy the called 

line. 

Hi. Should the eomieetor he hii.sy (after circuit 8). the side switches a and b are in the 
second position, and relay H I(i energi.ses. 

17. Relay HI" energises. 

IS. Iviiinp L’glows as a hus\ signal. 

'I’he private magnet Hti is held energised over circuit Hi', and the side switches are 
prevented from moving to the third position. 

HI. For internal tests a key in the plug sleeve cirtmit can energise relay RHI. Circuit S 
is then opened, and relays Rs and HH' de-energise 20. Circuit 17 is then earthed over 20 
and relay H17 energises, and lamp 1/ glows. 

If the suhseriher’s line called is engaged, relay RS' will be short-circuited, and circuit 20 
will' he completed, and signal given, as hefore dcscrihed. The party testing may listen in, 
hut v'ill delay the test. 

Fig. .'>7 shows connector for use without a instrihutor. .'I’he circuits will be readily 
understood from the description of the connector cir,Nuts (Fig. r>(>). 




















TEST OF CON’NEC'J’ORS llSINCi TESTER No. 11a 


(W 

r>S sIkuvs key))(Hii'tl circuits on a test desk ; and in Fig. .'>!) is .shown, in simple 
diagrams, tlic tests tliat can lie made. andOie a.s.soeiation of the different keys. 



I'’li.. HI.- |l|',■'K. 1 ''m i.ts.mi;n'., IncoMIm. I.im-.j. ( \. T. .M. Co.’s .Systhm). 

Fig. (in is a testing circuit for smidl aiitoiiiatic exchanges. This is self-exjilanatorv. 
Fig lit is a circuit of a faultnu'ii s incoming line on the test de,sk. This will he readily 
understood nilhoiit dc,script ion. 


Section 24 

TEST OK CONNECTORS HSINt; TE.SJ'ER NO lla (Figs. 62, 6.3 

The test of a connector entails the connecting of the wipers to one of the hank contact 
sets, and for this purjiosc the " !»1» ' contacts on each connector arc ntili.sed, h hethcr a working 
line is connected to these contacts or not. On each connector unit a single jack with asso 
ciated lamp is provided, and coiineeted in sncli a way as to meet the requirements of the h’.st 
and at the same time, jirai'tically, to I'liminatc interference with traffic to or from the " (Ml ” 
line. 

Before commencing the test, the plug on the tester is in.sei'ted into the " !MI ' jack, but 
il /s mjmUuit llial Ibis hr nol done iinlil il hun /imi ilvfinitehi (iKre.rlaiiied Ikal Hie " (Ml *' Vine ix 
iiol eiiijatjed on (in ineoniinij call, otherwise tin- call will he interrupted. It will he necessary* 
therefore to insjieet each connector on tlie unit, including the trunk offering and test con¬ 
nectors. to ascertain that none of them are conneeted to the " (Ml" line. When this has 
heen verilied the plug may he inserted. 

• The, tusevVuwx Ww w WN wot \w\eTh vc v.\\\\ a caW ovigwvaVed fiy t\>e “ W) snhscriher 
and no steps need A>c taVo n to ascertain whether llie line is cngageil on an originating call 
JUniiig (he period of tlic te.st from tiie monx-nt of in.sei.ting tlm jilug iipo the "fin'’ 
jack to the moment of its withdr.iwal ar the cemphi.‘ion of the test, the folh'iw'ing precautions 
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imist he taken to ensure the niiiihninn of interferenee with tlie service to and from the “ f)9 ” 
fine 

When a call is made from any source to tlie “ !Mt ■' line, then, unless the connector under 
test actually has its wijiers on the " !M> ” eontaets. a riiiff will be received on the tester. The 
testiii}' ollieer will then ascertain, hy glaneitig at the lainp a.sSoeiatcd with the “ 99 ” jack, 
if the '■ !I9 ■■ line is engaged on an originating call. If this lamp is glowing, signifying that the 
“ 99 '■ line is engage<l on an originating call, the ])lug must on no account be Vvithdrawn from 
the ‘‘99" jack, hut the te.-<ing otiieer must find the eonneetor which is calling, and Jl)y 
])lugging into the jack on the i-onneetor jniist advise the calling suhscribe^, or operator, that 
the number recpiired is engaged. If there is no one on the line at the moment of plugging 
into the eonneetor jack, as might happen in the ea.se of a trunk call incoming to the ‘‘ 99 
line, the testing oflieer must wait on for a rea.scaiable j>eriod, but none of the relays on the 
eonneetor must lie touched with the object of ealliTig an ojierator in, for, should the call be 
local, this may have the effect of registering a call on the originating sub.seriber's inyter. 
When the caller has been advised that the " !I9 " line is engaged, the testing officer .should 
wait until the eonneetor has been released, and then jiroeec'd w ith the test. 

If the bell on the te.ster rings, and tIn'lani]i associated with the " !I9 " jack is not glowing, 
the testing oflieer should immediately remo\e the iiing and then find the connector which is 
being Used on the call and ascertain by means of a hand set that ringing current is going out 
.satisfactorily. <ir that the two snbseiibers are in conununication. When this call has been 
etmipleted and the connector has bei'ii released, the plui.’ is inserted into the " 99 “ jack and 
the test is |)roeec<led with. 

If a call is made to the " tttt " line whilst a connector under test is standing with the 
w ipci's on the " tttt " eontaets a calling subseriber, or operator, will get the busy back, although 
the " il9 " line jiiay not be actnally engaged on a call. In this ease the testing oflieer, who 
throughont the test sluiuhl be on the alert to recognise by the sound of the impulses when any 
eonneetor on the unit \mder te.st is .stcpjjed up and aronnil to the " 99 contact, must glance 
at the lamp a.ssoeiated with the " !t9 " liim and, if this is not glowing- signifying that the 
“ !t9 " line is disengaged- should rajiidly locale the calling eonneetor and, inserting the ijlug 
of a hand set in the eonneetor jack, a,scertain if the caller is still on the line, and at the same 
time remove the bu.sy tone from the line by relea.sing the switch with a stroke from the 
release magnet armature. The caller, if still on the line, should be told that “ 99 " was being 
tested, and should be asked to rej)eat the call, and the te.sting officer, immediately on making 
this re(iues1. should withdraw the plug from the " !I9 " jack and wait for the call to come 
through again. When the call is eomjtleted, and the eonneetor utilised on it is released, 
the testing otiieer .should rein.s<'rt the plug into the " 99 " jack and j>roceed wdth the te.st. 

If the te.sting operator hears a connector la'ing stej)ped to tlie " Off “ contacts, and no 
l ing is received on t he bell on the tester, due, as e.vplnined above, to the wipers of thh con¬ 
nector under test being on the “ !f9 " eontaets. then if the lamj) a.ssoeiated with the " 99 " 
jack is glowing, the testing officer need take no notice of the call, but jirocoed with the test 
in the ordinary way. 

The tests deseribed herein should be made when the amount of traffic is low. When 
carrying out these tests the fact that a switch ])a.sses the electrical tests s})ecified does not 
jirovr that it needs no atti'iition, and a close watch .should be kept on the switch whilst under 
b-st to ascertain that all th(> mechanical movements are quite normal ; also that there is 
no excessive sparking at any of the contacts. 
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Having taken tlie pre<5autions previously specified with regard to tJie testing of eon- 
nectors, the appro))nate plug on tester No. 1 la*is inserted in the " !li>jaek on the relative 
unit, and the hattery })lug is inserted in the laittery jaek on the unit. .\ll the keys on the 
tester must he in their normal j)ositions, and a hand set eomn'eleil to the tc'sler hy means of 
the jaek provided for this yui^)ose. 

I. («) Insert the test plug of the tester into the jack on the eomieetor to he tested . in 
doing so note IhM the. (liurrimim-timj rela-n (<’) ix cuergixnl . Dial " )•!• " on tin' fast dial. The 
slifift should he stepped up and round smoothly and regularly and, when the wipers come to 
rest, the bells on *he tester should he rung interru])tedly. Note that the interruptions are 
regular, and allow the ringing to [)ersist for a few st-eonds to insure that the alternating 
current through the hells and condenser is not sntfieient to trip the ringing, 

(h) Throw and immediately release the ring cut olT key (X.('.().) in the xihut period of 
tin' ringing, and note that the ring cut off rttag is a-ctuated at the same instant that the key is 
depressed. Note also that tin' ringing ceases and that tin' hack ri'h'ast alarm lamp (if any) 
on the unit glows. 1'his ti'st must he madi' at an instant wln'ii the hack release alarm lamp 
is not glowing, due to the conditions of .some other switch on the unit. 

(c) Throw the rc'ic'asc' key and note that the sw itch is smoothly ri'storcd to normal. The 
hack relca.se lamp is extingui.shed iink'ss the alarm conditions arc' being given by some otlic'r 
switch on the unit. Itc'stori' the relt'asi' key. 

Note. —In t he following tc'sts the hack rc'leasc' alarm lamp will glow occasionally, hut this 
is not referred to as the forc'going tc'st |)roves all that is necc'ssary. 

II. (a) Throw tin- shorl-circuit kc'y (SC) and dial " !»il ” on 'lie fast dia’I. 'I’lie hells on 
the tester should ring. Release' the' short-circuit key. 

(h) Throw and immediately restore the ring cut off key in a ringing period of the ringing 
and note that the ring cat off relag is arinated at the same instant as the. leeg is dejtres.serl v'ithoiU 
any rihration of the relay springs. 

(r) Throw the re-le'ase key to re'store' the' .switch to normal. Re'.store' the release 

key. 

III. (a) Throw the busy ke'V. Dial " ttlt " on the'slow'elial. Note'that. I he'wipe'rs e'oine 
to re'st on the- " lit) " contact and that the- “ busy hack ” is heard in the re'eeiver. 

(h) Dial the' third “ It " and note that no inovc'inent is im))arte'el to the- shaft. 

(f) Throw the' release ke'v to re'store the' switch to normal. R.e‘.store' the' re'li'a.se. kc'v and 
the busy key. 

IV. (er) Throw' the short circuit (S(') key and elial iHI ” on the' slow’ elial. The liells on 
the tester should ring. Release the' short eireiiit key. .Meaiii'iitarily di'jire'ss the ring cut¬ 
off key to .stoj) the ringing. 

(h) Throw the continuity ke'y ; lainjis R and Q should glow w it h charaete'i'istie' brilliancy. 
Any variation in the' glow of these lamps from that ge'iie'rally ohse'rveel whe'ii carrying out this 
test denotes a fault. Restore' the continuity key. 

(r.) Throw the line' engagt'el key. Lamii R should glow indicating that the' “ !HI " line 
is made t'ligagi'd by tlu' connector. Re'steire the' line' emgagesl key'. 

(eZ) Throw the' bu/.y.cr key anel note that a " buzz " eif characteristic lemelness is eibtained 
in the receiver, preiving the eenitinuity eif the' transmission circuit. Thjs " buzz" wifi he- 
of sufficient veiliirae to lie hearel withe>ut remeiving the telephone frenii the hook on the' l,ester. 
Any appreciable variation in the voluiAe eif this “ buzz “ frenn that geiimrally Imarel ein this 
test elenotes a ^ault (by a wire eiff a cemeleuiser). Restore the buzzer ke-y. 
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(0 'I'hrow the iclciisc key to if.-torc the switch to normal and then ivstore tlie release 
key. • 

\’. («) Throw the switeliinj' ke\. then hold the release key down for the short |)eriod 
iieees.sary for the shaft to return to normal after havittg reeeivisl oik' im|)ulse from the 
vertical inaf'iiet. This releases the di.seriminating relay ((') efier^ised on the previous test. 
Itial “ !t!t on the fast dial and note that the hells ring. Momentarily depn'ss the ring cut 
oH key to stoj) the ringing. • * 

{!>) Throw the eoulinuit;, key and note that lamps P and i} glow with ohnraeteristic 
hrillianey, although not nccc.ss.irily identical with the glow observed in IM. {h). Any varia¬ 
tion in the glow of these lamp, from that generally oh,served when carrying out tlii- t(-st 
denotes a fault., 

(r) Restore the continuity ke\ and depress the release key to restore the switch to 
normal and then restore the relea.se key. 

\’l. (a) With the switehing key still thrown, throw the hn.sy l:ey and then dial " ‘.I'.ton 
the slow dial. 'I'lie hnsy hack should he ohtained in the receiver. 

(h) 'J'hrow eontinuily key. Iani|is and I* should pass eontinuonsl\ through the following 
c\ele of glows 

(). Rright. \ei \ faint glow ; hright, 

I’. |)iniined normal glow , dininied, 

and so on. 

(r) Restore the hii.s\ ke\ and the switching key anil then depre-- the release k(“y to 
restore the switeli to normal 


Section 25 

TE.ST ON SELEC'l'OR.S WITH THE TESTER NO. 14 (Fig. 64) 

This t<“ster is used in eonneetion with the routine te.st of the .selectors on the A. T. AI. 

Co.'s automatic system. 

'I'hi' tester is equipped with the following apparatus . 

I Sjieaking key for use with a Switch Attendant's 'relephone No Stt. 

I " l''a.st " dial. 

1 '■ Slow " dial. 

1 Short circuit key for replacing the normal TAttiy of the test circuit hy a'short 
circuit having a capacity of 2 microfarads. 

I Rattery jihig for use with the power jack on selector hoard. 

I 'resting |ilug for use on the seh^etor switch. 

Id 'I’wo position keys associated with Id lamps for testing the engaged condition 
of a, group of It) switches and for making those switches artiticially cngagerl 
(or guai'ded) as reipiired. 

'Fen-way,cord for eonnecting the te,stef with a level speeitied on the routine 
testing .schedule. 
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This tester is used to test a Inri'c group of s<'leetoiv at tlie same time. Tlie lest of ail 
these selectors will t*e carried out l)\ dialliug the same digit, /.c., tlu' tester will during the 
whole of this time he connected to the same level. 

^riu* routine tending sclicnu* for ovt'i’hauhng .M’leetoi's pi’ovide^ for the lt)-way cord of 



th(' tester No. 14 to he moved from level to level so that in a 
sav. 12 months, every level will come under test. 

1’he procedure* will he us follow's : — 


serie-s of tests e.vteudiug over, 


(1) 

( 2 ) 
( 2 ) 
(4) 
(■>) 
(h) 
( 7 ) 
(H) 
(h) 

(l(») 

(II) 


dial. 


lonnect the l(»-way cord to the level indicatcil ou the roidine testing schedule. 

nsert the hattcr> jilug into the power jack. 

nsert test plug into jack of selector about to he tested. 

)hserve all ke-ys arc at mirmal. 
dial digit of tlie level chosen using the “ Fast 
hill u])proj)riate key over to “ Isimp. 

)h,serve that the eorresponding lamj) glows. 

.lepress release key. 

Ihservc that the lamp is c.\tingnishe.d (unh 
u])on an actual call). 

riirow the key, over to " fluanl. ^ 

>jj<‘peat (5) to (lO) thus ti!‘sting the next hank contact on the same level, and 


the trunking circuit be engaged 
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incidentally tc.sting the continuity of the trunking circuit, a.s a disconnection 
in the trunking circuit would make the .switch “vibrate.” 

(12) Test in this way at least seven contacts on the switch. 

(12) Restf)rc the keys to normal anil proceed to test the next switch. 

• 

( are must he taken to o’oserve that the selector does not pass'a disengaged contact, but 
takes each in turn if they are available. 

In the nse of I ester No. 14 (and in other ca.s(‘s also) it is an advantage for the testing 
officer to face the switch under test continuously, ft is found that hi* attention is dis¬ 
tracted by the necessity for (in ling a ])aHicular digit hole in the dial eacli time, and this 
can be remedied by in.serting a small cork into the a])pro|)riate hole of the dial switch. This 
will enable the testing officer to dial the aj»|)ropriate digit any number of times by “feel,” 
t.e.j witlnuit looking at tiio dial. 


§ 


0 ' 


'c 


<,• N'(p 






.1 
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ection 26 

SIEMENS BROTHERS & CO.’S AUTOMATIC TELEPHONE SYSTEM. 

• 

This system has l)eeii evfllved from the Strowjj:<T system, ami retains many of its impor- 
taut features. Perhaps the principal dilTerenee lies in the use of an individual rotary .switch 
associated with*oach subseriher's line (this the eompany have used on all their in.stallations). 
Tjjcy also separated the relays from the selector meehanism mountin;.; frame from the start. 



Km. (15. Sik.mh.ns I’ltKsni.neTou Swircn l•'[o. (i(>. Sik.mkns 1‘iii;si:i.i;(Toii Swrrt ii 

(Lnrr-n.wo YU'av). (UmiiT-nwo t'u;w). 


AlKjthc'r distinctive h^ature is the rotary linal .selector for seleeting an idle line of a phiridity 
to suhseribers' oiliees. Other dilTerenees will be noted in the description of the system. 

Each subscriber's line is jirovide<l with a four-wiper /irs/ pri'.selertor (Eig... (>.5 and IKi), to 
the multiple contacts of which are (aamected 10 junction lines, which give access to second 
preselectors. When not in use for establishing a connection, the arms of the i>resclector re.st 
on normal contact, and the circuit is then ready to be brought into use for incoming calls. 
When a call is originated by a subscriber the ju'csclcctor arms arc moved from the normal 
on t<) off-normal contacts, and the subscriber's line is (hen disconnected from the connector 
multiple, and thereafter tests engaged to inc<.»ming calls. Vt'hen the teleplionc ri'ceiver is 
replaced, the preselector arms again return to normal, to cnabU- incoming calls to come 
through to the sul)scriber's line. 

Controlling the preselectors are two relays corresponding to the line and cut-off relays 
on the common battery manual syst^un. 

Meters or registers an> associated with the first jiresi'lectors, and thesi' an- fitte.ij on a 
special rack, and are cableil to the iiitcj-mediate distributing frame, where they are jumjicred 
or cross-coimciptcd to the various sub^ribers’ lines. 
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'I’hc second /freselerlors (ire similiir to tlic first, oxci-pf that as llicy do not rt-quin* to 
I'ctiirii to normal ; a foiirtli arm is not ll(■(•(‘!^'^arv. 'I'o tlic multipk' colitact bank.s are eon- 
nceled 10 lines wliicli liani to first sele<’tors or relay I'epeateis. aceordiiiji to the .system used. 
'I'lie midti|ile eonneetions of the lir.st and .seeond jireselectors ar« so grouped that a 
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suhscriin'r Ihin juh's.s to any first solcctor or relay rejx'att'r in the partieniar ^ronp to which 
lie is eciimeefetl. i.t .. in a full liroup to any one of 100. • 

The preseler tors are ilriven hy interrupted current, at a speed of (iO steps jrer second. 
'I’he first ami seeond preselectors and a.ssoeiated apparatus are alike for lioth full and 
semi automatic e(|uipinenls. 

Selectors. The selectors have vertical and rotai v motions. Tin- first is under control 
of the siihseriher s.dial irnjmlse sender, hut the latter is automatic in its action. 

^he lifting motion I'aises the wipers to the rerpiira'd level. viIhmi circuit changes are 
r'fli'eted which switeli in the r'otaiy motion, the W'i|)t‘i'.s then heing sti*j»ped round by inter¬ 
rupted eurient at a sliced of thirty .steps jier .second.; Each eontar t on the Irivel is tested as 
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the wijjer jjasscs Dvor it, until, when an idli' line is f(nni(l, the wipers are hnnieht In icst nii 
that e.ontaet. 

Selectors and Connectors (Final Selectors). Siemens Ihothers were the lir.st to 
separate the relaj's’fnnn tin; meehanisin inonnliiif.' ami lit timm in a small panel ad jacent. 
Fig. 07 shows a pers])ectiw view Irnni the left front of the ineehanism with tlm wi|)ers asso- 
cijlted with the^shaft. Fig. (>8 shows a perspective view from the right front of the n\eehanisin 
with the wipers and hanks. This view also shows the method of immiiting and lixing the 
base plate. Fig. (i!) shows the relav grouj) as.sociated with each switch. 

These switches function on the well-known Strowger principle, Iml vai ions modilieations 
have been nuuh' to render them very reliable. 'I'lie following are some of the modilieations 
and the advantages claimed. 

The lifting and rotary movable 
detents have been sejiarated for the 
foJhjW'ing reasons: 

To facilitate individual 
adjustment through t he resjiec- 
tive ratchet. A locking nnt 
is provided for the adjustment 
of the vertical detent to ob¬ 
viate the ncce.ssity foi’ bending 
t he same. 

'I'o allow the shaft to ro¬ 
tate with certainty on the ver¬ 
tical detent, by preventing this 
detent from being partially 
witlnlrawn from the tooth 
during the rotary move¬ 
ments. 

Tim above construction 
cH'eetually prevents the ))o.s- 
sibility of the shaft dropjiing 
a level at the eommencement 
of the rotary movement, due 
to the vertical detent being 
partially withdrawn when the 

rotary detent lift., over the sik.mk.vs Sia.i.icToa Kkl.vv (iumc. 

first' two. 

A slop for the lifting pawl on the lifting magnet armature has been added, and this 
considerably increases the range of ratio of make and bri'ak, w'ithin which reliable operation 
of the switch is obtained. 

On the banks II contacts have been provideil in the arc to allow of the last contact 
being used to sto]) rotation if the In junctions aiv engaged Busy or other signals cjin he 
jirovided on this contact if desired. 

Fbojiite is used as the insulation niaterial on the banks because of its non-hydroscojiic 
nature, and because of th<‘ accurai-y w'ith which it. can be manufiwilnred. 

iSpecial [Wovision has been made for cllectually clamping the banks. This has been 
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<lono l>y iiitnxlucinK anotlior (’liinijiiiig stud at the extreme end of the l)ank arc. This also, 
ill a measure, jiroteels the wipers from injury. ' 

Meehanieally operated eontaets assist in the eontrol of the seleetors :— 

(a) The K eontaets are fitted on the sliaft liead and are oiierated, whenever the first 
vertieal .step h(‘gins. One type of K eontaet is used throughout the full range of selectors 
and eonneetors. ' 

(/>) The W (tontaets are 'ontrolled from the shaft siile and are operatcil when the fifst 
rotaiy steji begins. One typi of V\' eontaet is used on all seleetors. 

(c) The iVl eontaet is eontiolled from the release magnet armature w^ieh. when in the 
operated jiosition. holds the M eontaet ojien. Tlie .same type of M eontaet is used throughout. 
The relea.se magnet begins the ri'lease, which is eomiileted meehanieally. 

Kaeh sehsdor is suppoi-led in a specially designed cradle which reduces vibration and 
noise to a minimum. 

(ionnector (Final Selector). 'I’lie eonneelor completes the eonneetion for the^wo 
linal digits of a called number. Kaeh eonneelor gives access to llll) subscribers' lines. 
Itinging. busy, free and lamp-flashing signals ar<‘ eontiolled from the eonnector. 

The eonneelor switches are practically idi'iitieal with the seleetors in eonstruetion, and 
also have vertical and rotary motions, both of which are under the control of the dial. 

I he lifting mol ion raises I he w i)ters to the required levd. i.e., .selects the particular tens 
grouf). Cireuit changes are then elleeted which switch in the rotary motion, and the last 
set of impiil.ses steps th<‘ wipers round to the eontael of the desired number 

If the desired line is itlli>, ringing eurrenl is sent out and a free'signal is given to the calling 
siib.seriber. but if engaged busy tone is given. 

Aleehanieally operated eontaets assist in the eontrol of the eonneetor, as before describeil 
for the selector. 

'Ihe release magnet liegins llu' relea.se. which is completed meehanieally. 

I'.aeh eoniu'ctor, like I hi' selector, is supportisl on a .sjieeially designed cradle, which 
reduces vibration and noise to a minimum. 

In the diagrams the automatic switches and relay contacts are shown in their normal 
or re.sting jiosition. 


Section 27 

CIRCUITS OF A FOUR-DIGIT SIEMENS SYSTEM (Figs. 72 to 76) 

The circuits on a through eoniuftion, engaging a line switch, jire.selector, tir.st and second 
seleetors and a eonneetor, are as follows. The circuits are numbered in the orrler of opera¬ 
tion. 

1. When a receiver (Fig. 72) is lifted to initiate a call relay H' energises. 

2. Circuit thivugh driving magnet M2(ni). The line switch wijiers are moved round 
at tto.stejis jier .second. The wijiers move off the norinAl contacts, thereby disconnecting 
the test wire C from Ihe eoinu'ctor multijile banks, (Jnd so engaging the calling line against 
incoming calks. 
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3. When an idle line is found relay li3('J’') energises in series with relay ltR3(J{2). 
Relay R' is cut off. *Relay R3 ojjens driving eiicuit 2 si> that the wif)ers come to rest on the 
idle line contacts. 

3'. Circuit 3 is completed over 3' so that the resi.stance of relay R3 is about I.*) ohms. 
If now another pre.selcctor, hdnt ing for another idle line, tou(di<‘s the multiple contact of this 
busy line the calling test relay being shunted by this 15-ohm wiiuling will not ojwrate, and 
thfi wipers move to the ne,\t contact. 

4. The loo)) 1 is now extended to the iwe.seleetor (Fig. 73). This pri'selector does not 

return to normal when relea.s('d. • i • i 

Relay RR3 energising completes circuit .5 over the contact, on which the wiper last 

came to rest and, if idle, that line will again be taken into use. 

r,'. Circuit r> is joined to 3 through the It)ohm winding of relay R.'')(T2), and relay 11113 
cut off. Magnet M2 is also cut off. 

ti. If the line found connected is busy the driving circuit is completed, and magnet 
M6(!b2) rotates the associated wiiiers until an idle line is tound to the |)reseleetor. 

7. The loop 1 and 1 is then extended to the first, selector and relay R7(A) energises. 

8. The lamp L glows to indicate that, the switch is in use. It is also found valuable m 
traffic observations. 

t). Short circuit for (ion-ohm coil of relay R.'>( I 2). 

The test circuit from the preseha tor is coni|)lcted through ciremt 5 and 5 . m parallel 
at the first selector. The 250 ohm resistance on relay RI2(V'*) is wound inductively, but the 
number of turns is such that it cannot operate or hohl the relay. It does, however, improve 
the specil of operation and the time lag of reh-asi-. Relay R.R.5((') cnergi.scs, but plays no 
part in buikling up the connection. 

It). Relay R7(A) completes a circuit for relay RI0(A''), which energises and cuts relay 
R.5« from the li line and connects the ndardalion coil RC in its ))lac<‘. 

11. Relay RIO(V’) opens the circuit to the groii|) relay and comjiletes a circuit to glow 


lamp 1/. 

First Dijiit Impulses (Fig. 74). On the first bieak relay R7(A) de-cniwgises ami 

opens circuit 10, but relay Rl(l(V') is slow to de-energise. ■ , , • 

12. Relav R12(V“) energises, is also slow to de-energise, and remains energised during 
each train of impiikses. 

On comiiletion of the first impulse relay R7(A) re-cncrgiscs. . . . 

13. The shaft is raisial one step and the K contacts are ojierated. K' opens encint a 
to relay R12. K" opims circuit II and lamp 1/ ceases to glow. The magnet M 1.1(H) now 
responds to the remaining imimlscs of t.he train to lift t he wipers to t.lie required level. W hen 
the dial returns to normal relay R.7 is held energi.se.d over the loop. Circuit 12 is now oiien 

and relay HI2 de-energises. Circuit 13 to lifting magnet M 13 is now open. 

14. ‘The driving magnet M 14(1)) is energi.sed through the interriiiiter, and the shaft and 
wijiers are rotated. At the first stej) t he W contacts arc opened. < 'irciiif 13 is ojiened at VV . 

15. Holding circuit for relay RRAft') is iircpared. r 

The W' contact is opened to throw relay Rl()(\’') under the control of relay 1>7(A) for 


release. ^ 

Iff. When the C wiper finds an idle line, battery from the next switch energises yelays 

RR5(C.) and Rl(i(A) (Fig. 75). Circiiijb 15 is then effeetive. Circuit 14 is opened to stop 
the driving nuignet and bring the wi|a',rs to rest on the contacts of the selected line. 
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17. The (' «i|)cr (ciiciiit 1(1) i-, coiiiifcti-d (lircctly (u I'.irtli over Uie slwft contact K 
to (■n}'aj;c tlie ciilled line, and relay I! I”((') energises. * 

Is. 'I'lie loo|) 7 is e.Nlended 1o the second seleclor. 

10. Circnil for Inidcc <'oi| M I0(lt(') over relay l!l<i(A); one windivgoidy of the former 
is elfective no«. 

Second Digit Impulses (Kig. 7o). 

-0. At the lii'sl hreak ol the loi>|i circnil relay U7(.'\) de-energises anfl relay R12(\ •) 
energises. Jfatteiy is connecod to liju' through the oO-olinis resistance, in parallel with 
the oOO-oInns coil of the rctan’. lion coil lit', to i nt out .s(‘lf induction •from the impulse 
circuit, and to mcriase (he current to liia-. .\f(cr each train of imjmlses relay HI2(V") 
dc-energi,ses. 

21. Relay 1121(1!) cia'igiscs on lirst lacak 

22. '1 he 4(l0-olnn windnig ol relay l!2l is slairl circuited lo make this I’clay slow to 
n lease during the impulsing. 

2.5. i>icw impulse circuit for rcla\ R2I. when Iv’operates at the lirst stej). 

21 Relay RI(>(A| re energises and the lifting magnet .M24(H) is energised to lift the 
shaft and open the K contacts. 

After the impiifses relay R KHA) remains energised, (’ireud 22 is ojien and relay R21|l{) 
releases. 

2.1. 'Jlie driving magnet i\]2.‘>(J)). through the interrujiter, rotates the shaft. At the 
first .steji the \V i-ontacts are opened Contact \\'2 oj)en.s the circuit of magnet i\124(H). 

2(1. Contact \\ ' pi.ices r('lay R 17(C) under the control of relay R21. 

27. When an idle line is found, relay R2I(1'.) energi.ses liy its 400-ohm coil. 

Circuit 2.1 is o|iened to cut of) mafinct -M2.')(l)) to liring the wipers to re.st on the contacts 
of the .selected line. Relay R27(\’') (l•’l^.;, 7(i| is energised. Contact 2(1 is opened and relay 
R17(C) releases. Relay Rl(l(A) releases. Circuit 27 through the 400-ohni coil is ojien. 

2S. Iloldnm circuit of relay R2I(1!) 

2i(. 'I’he wiper 27' is connected directly to earth to engage (he line. 

20. Jaiop Is is c.xtended lo connector (or third .si’lci lor). 

.fl- Relay R.21(.\) is energised liy euricnt from fhe previous selecfor. 

22. Relay R.f2(l') is connected to the R wire for calls from a manual hoard, and i^ not 
operated at this time on an automatic .system. The circuit is earthed at hoth ends. 

22, Relav R22(Y1) is energised. 

24. Itelay R24(C) is energi.sed over the (.' wire. 

2,7. Relay R24 is dependent on (he calling suhscriher over the C wire, 

2(1. i’arallel jiath to earth for relay R21(A). 

Impulses for Tens Digit on Clonnector (Fig. 7(1).—Relay K21(A) (le-iin^igi-i s 
on lirst. Itrt'ak. 

27. Relay J!27(V“) energises, renuuning t'ju'rgised during fhe train of impulses. 

25. J'andlel patfi for relay R22(Y') lo hold it energised when eoniaet K'ojiened. 

2tl. Relay R21(A) re-energising stejis the shaft iiji one level by AI21), and the K contacts 
nre.o]iened. The further im])ulses step the wijx'rs to the desired level. After the last 
inijiulse relay R2Fremains energised. Circuit 27 is ojiened, and relay R37(V2) de-energises. 
Relay R27 opens circuit 28, and relay R23 de-energises. Relay R33 is not energised on 
rotary impulses. Relay R33(A'R ojiens circuit 3!>,4to cut off Atiagnet M3f)(H), and doses 
a circuit for the rotary magnet. * 
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Impulses, for ^ the Units Digit. - Re-lay R:!1(A) (l(-«-m-rf;is<-s on 1h.- (irs( Im-ak. 
R.t7(\.") (‘iii-rj'iscs as licloro. Relay RKI n- end'gises at the <-ii(l of the first iiiipulse. 

40. 'i'he rotary iiiaf'iiet MlO(l)) is energised {part of eireuil over ttO). 

Tlie \V eoiitaetjs oper.-iled at the first step. 

41. Xew eireuil for rela>* R:.’7(Vi). 

The further inipid.ses step flu- wijx-r.s round to tin- di-sin-d line. An <-nf;a}'(-il line eannot 
bt-*iliterfered wSh. Ix-eau.se tin- lini- and test eirenits to the \vi])(-rs are op(-ne<l at .'(O', ISO". ISO'". 

4;J. .After the inijnilsi-s relay R:5I{A) r(-mains (“lu-ryised over eireuit ISO Iff. 

Relay Rlt7(V») de-eneryi.ses, heeause le-h-y R:$l(,\) opens <-irenil :$7. ('ireints .'SO and tl 

open, and n-lay R27(\ ') and niayuet .M40(l)) are- cut olT. Cirenits ,‘5I and .'SO are- open, and 
re-lay Rltl(A) d(--ene‘reises. 

Re-twe-en the- d<- e-ni-ryisation of re-lays R:57(\'-) and R27(\ '). tin- line ealle-d is teste-d. 

•t.'S. if the- ealled line* is idle- re-lay R 115(1’) is e-neryise-d o\ er the- ealh-d sniiserihei-s eiit-on 
re-liiv RR4:5 (e-orre-spondiny to eireuit SIS. inarke-el ein the- e-a.|hn,u snhse-rihe-r's Inn-, h'iy. 72). 

•f t. The line- e alle-el is e-nyaye-el threinyh the- ISO ohm windmy eif re-lav R4I5 The- line- 
eonlae-ts ISO' anel ISO" are- e-lejse-el. 

40. Rinyiny eireuit Ceintae t I.V e nsure-s that re-lay RI57 shall he- fully re-le-a.se-el he-fen-e- 
rt-lay Rt.Af’TR) e-ne-ryi.se-s. 

\\ hen the- e-alle-el suhse-rihe-r re-jihe-s re-lay R4o ene-ryise-s. The-sheirl eire-uit t7isthe-n 
ope-ne-el. anel the- 1,000-eihni wmelmy eit re-lay IMo is in .se-ries evilh re-lav llISI, whieh holels 
until the- re-le-ase- eif the- eonne-e-tiein. 

I’e-lay 114.7 e-ne-ryisiny e’-nts eelf the- rinyiny anel joins the- .A anel IS lines thronyh tej thee 
Ceinne-e-teer. 

40. Circuit to hleee-kiny aherm siynal, vvhie-h is only use-el ein a sinyle- re-.le-:i.se- system. 

4S. ISattery fe-e-eling re-lay 1MSI5 is eamne-ete-el tei the- e-alle-el suhse-rihe-r's line-. Re-lay RISI 
again e-ne.-ryises eive-r 21 - ISfi. to e-emne:e-t. te> I he- e-alhny sielee eif the .\ wire-. 

40. Re-lay R.27 e-ne-ryise-s. 

.70. The ealliny siele- eif the R wire- is e-onnewle-el tej the- se-e-.einel wineliny eif re-lav R.ISl. 
Mete-ring batte.-ry alsei e-einne-e-leel. Re-lay Rlt4 is e-ne-rgise-el. einel is unele-r t he- e-onireil eif t he- 
e-alliny siiliserilie-r, tei ynarel the- re-le-eise- eil the- e-onne-ctiein. Re-key Rl57 is e-ne-ryise-el tei pieiviele- 
feir the- re-yi.stration of the- e-all. 

If the- line- eedle-el is beisy, that C line- is e-onne-ete-el threiiiyh the- ISO-eihni e-oil eif its re-lay 
R4IS (e-eirre-s]ieineliny tei the- e-ire-iiit 44), W hen, the-re-lore-, re-lay 11157 ele- e-ne-ryise-s anel eoime-eets 
aneithi-r R4I5 ein t he- .siiiiie- (' line-, the- hitte-r re-hey (OISO eihms) is shmite-el by the- ISO ohms eilreiiely 
ein the- line-, anel eleie-s neit re-ea-ive- siiliie-ie-nt- e-nrre-nt to e-neryise- it. 

.71. Inte-rinitte-nt busy tone is now given to the- ceelliny jiiirty threiiiyh re-lay RISIS by 
indue-tiein, Jinel a e-ire-uit feir hemp tiashiiiy e-eim]ilete-il. 

When a Call is from a Line on a Manual Board. I'he- relays anel e-onele-n.se-rs are- 
cut eiut eif e-ire-uit, iinel the speeaking e-urre-nt is fe-el fi-eini the- eail'el eiircuits. I’rieir tee the; elialling 
of the- te-ns eligit the e-eineiitieins are- siniilar, exe-e-pt that battery is e;einni-cte-el tei the; IS wire; 
from the eipe-rator's jio.sition. Relay R27 is the-n e-imrgiseel. RI52 e-ne-rgise-s in e-ire-uit 152. 

.72, Relay R 152 cuts e;ircuit ISO from earth, anel e-lianges it eive-r tei re;sist.ane;e, batje-ry 
anel earth, but R31 remains e‘ne-i-gi.se;el eive-r cire-uil 151. • 

515. Re-lay R32 cuts eiff e-.oiielcnscrs, iiud jeiins A anel IS wire-s throeigh, anel eipens e-ire-.tiit. 4S 
to disceinncct relay R33. One winelingj heiweevcr, is still connecte;d tei*thc R wire by -IS' at 
relay R45 
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oil. Holding circuit of rcLiy R.‘J2, which remains energised until the cpnnection is released. 
The operator now. dials the nuinher rPtjuircfl, and the connector operates as before 
descrihed. Wlu'ti the called ])arty answers relay R4.') energises and connects the A and B 
wires thr(.)Ugh, and opens eontact 4H', so that relay IWH de-energises. * (Circuits 34 and 50 
are ojxui, ami relay R31 do energises. Hatterv feeding is from .the cords, wdiere also the 
usual .suj)ervisory signals are fitted. ^ 

If on (his manual call the (tailed |)urtv is hiisy, relay R33 is intennitfently energised 
(circuit .51). and circuit .52- fit. -31 is eonipleti'd to the su])ervisory relay of the cord circuit. 
Bu.sy tfaie is also received ov( circuit fH to the H wire. * 

Release on an Automatic Connection. —W'hen the calling receiver is replaced circuit 
7 is o])ened, and I'clay 117 de-energises Cireuit 12 is elo.sed, and relay RI2 energises, (.ircuits 
.5 and 1.5 are eonneefeil at relay K12 to earth relay I1.R.5, in connection with the regtstration 
of the call, ('ireuilr Kt is opened and relav I! 10 de-energises. 

.50. When relay l> Ht de energises, relay 1..50 is connected to the 14 wire, and is energised 
by current from rel.iv 1131. 

.57. Jliitterv is eonneeled through 50 plus 40 ohm n’sistanees to the (I wire, to energise 
the subscriber's meter. ;\ll!57. 

(lircuit 12 then opens anil relay R12 deenergises. Circuit 5 15 is opened, and relay 

RR.5 de-energises. 

58. 'The release magnet i\l5S (Fig. 74) energises, and the shaft and contacts K and W 
return to norini|l. (suitact K2 I lien ojicns release magnet M.58 circuit. Cii'cuit 5 is opened 
and relays R,5 and J!3 de energise to release the jire-selectors. Relay R3 connects up the 
subscriber's line reliiy R.'. 

50. t'ireuil 2 is iigiiin elo.sed and the wijiers are jcturned to normal. 'This circuit is 
ojiened when wiper 50' returns to normal 

Relav R.5 de energises slowly, because of the short-eircuited winding. 

Circuit 8 is opened and the lamp R eea.ses to glow. 'I’he dri\ing circuit is again com- 
jileted. A and 14 wires are opened, t'ircuit 5' is opened, and relay Rlv3 is iigain connected 
in cireuit 3. 

Circuit. 28 is opened and relay R.21 de energises. 

00. 'J’he release magnet MOO (Fig. 7.5) energises, and the sh.ift and K iind W contacts 
return to normal, t'onlact K' then o|)ens the circuit of the releii.se magnet. Circuit 10 is 
ci.mpletcd for relay RIO. 

Circuit 27 is o])encd. and relay R34 de-energiscs. (5rcuit 44 is ojiened and relay' R43 
de-em-rgi.ses. 'I'lie ringing circuit 15 is open. 

til. 'I’he release magnet MOl emagises iind shaft and K ami \\ contacts return to normal. 
'J'h<‘ release magnet cireuit is ojiened. ^ 

On the maniiiil board the release is iinder the control of the operator. WhentheC wire 
is opened, ri'biy R3I <le (.■nergises and the o])eratious arc as before. 
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Section 28 

DISCRIMINATOR SYSTEM OF PRIVATE BRANCH CONNECTORS (Fig. 79) 

A study, by Siciiiciis Jtrotlicrs, of llic ii'nuiroiiK'iils to Ik- mot in providing an cllii iont 
system for dealing with j)rivate braneh exchange tra(lie led to the dev«>loptnent of an entirely 
new system, in* which the ordinary form of eonneetor is replaee<l by antomatie switches 
similar in construction to |>re seleetors, but provided with 2.'> eontaets in the bank instead 
of 10. These switches they have designal<Ml ili'ici'iiiiiiiatorx. 

'J’wo .such switches may be used on each I’.H.X. eonneetor, and the circuit, arrangements 
are such that only one switch is biought into use on a call, hiaeh switch has live wipers, 
four sets of contacts, and one normal and oil normal contact . 

If four lines, or four .sets of e(.)ntaets, lie reserved for each l‘.B..\. exchange number, 
thei^ each discriminator can accommodate live groups, which leaves live sjiaie 

contacts that can be utilised for jiroviding an additional line, or lines, for any of the groups. 

Each jirivate branch exchange has only one exchange number, and when that nunilier 
is called tlie di.seriminator .seeks out an idle line in the grou|). 

Two wipers in scries form the te.sting circuit, and the contacts bru.sJied over by one of 
the wipers are coupled together, to form live groups of four lines (^aeli. 

A standard pre-.seh'ctor, termed a sirilc/i, is used to take the units impukscs from 
the .subscribers’ dials, (he wijiers being sti'pped round a numbi'r of eontaets corresjionding 
to the number called. 'I'he lU eontaets of the digit .'.xviti'li are wired to the testing eireuits 
of the 10 groujis of lines on the (wo diseriminalors, the whol(> forming one IMl.X. connector. 
When the digit switch wiper comes to ri'st on the .selected eontaet. the ti'sting eireuit of only 
one group is eonneeled up, ami the lines on the other groups te.st engaged to a. discriminator, 
when searching for an idle line in a required gronji. 

The ]‘.B.X. eonneetors are thus divided into lens instead of li.iinilreils groups, and 
where necessary an extra lank of selectors is (itted to .select, (.he tens group. 

'I’he diseriminator and digit switches in th<‘ eireuit shown in Fig. 7!) are driven at- a 
•speed of lib steps per second. 

The P.B.X. Di.seriminator (lircuit (Fig, Tit).-—The circuit of (he. B.I’.X. connector 
resembles that of t he ordinary eonneetor. 

An idle eonneetor eireuit is selected in (he usual way, and the subscriber dials the units 
im])ulse.s. 

'rile digit switch is .stepped round, and couples up (he driving eireuit of th(‘ r(‘<piired 
discriminator, and, at the same, time, connects up the testing circuit of the rcipiired I’.B.X. 

'I’hc wipers of a discriminator ari' brought to rest, on an idle line, linging current is 
^ applied, and the line engaged. 

If all the lines on the I’.B.X. are engaged, the discriminator steps round to the last 
contact of the bank, where it stojis and sends busy tone and lamp-flashing signals towards 
the calh'r. 

'The circuits arc numlx'red in the order of ojieration, and are as follows : 

1. When a P.B.X. connector is taken into use, relay’ R' is energi.sed ovbr (he third wi|>er 

of the digit switch, which is on the normal contact, and over t he C wire. * 

2. Eartli is connected to’one coil of relay R2, which is energised oVIt the A wire to the 
first selector or uday rejieater. 
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3. I’i l;iy 113 is coniicctcd to the 11 wire. Imt is not oiiiTj'isc'ii on autotniitk' l ulls, hct'ause 
tlic l> wire is connoctfil to ciirtli at tin* (irstSelectoi’, or I'fluy rejn'iitcr. 

4. I’olay l>4 is oncT^liscd over the (' wire, to earth at the seleelor. 

Holdni" eireiiit loi'reJay U4 whieh is nin\ de[)endent iijam the ealliug .sidtscriber for 

rel('as(', 

d'he eirenit is now readv to receive ini|)id.ses, 

'Die su))s( iilar now dials the units diiiit of the required lunnber. and the ilial retufiis 
to normal, tin' line heinfj inti rrii|)(ed a nninher of times eorrespondini; to the value of the 
nnmhei' called. • 

11. At the first mlerrii|)tion. relay 112 de-eneieises, ami relay l!li energises. 'L'lte latter 
is slow to rdease. and remains enerai.sed dnriim the train ot im|)ulses. 

7. I In the i-omiilet ion of t he lirst inqiidse. relay l’2 is ayain eiier^i.sed. ancl the dij{it switch 
drivini; Jil.iunet A17 receives an nn|inlse. I’nrthei- im|)nlsex nf the train are now directed to 
the difiit svviteli maj.;net .M7 hv ri lav U2 eont.iet. and tlie vvi)iers are moved round a. nninher 
of steps. 

When tlie vvijiers move Irom the luirmal to the oti normal contacts tin: following eirenit 
eliangcs are hronglit about 

Wiper No 2 prepares the driving magnet circuit cl' the di'criniinator to he hronglit into 
use to comjilete the connection. 

W iper 3 di.sconnccts t he relav It’ troin I he M'lector (' vv ire. amt pliu it under t he control 
of relav Itli. 

Vt'ipcr I prepares t lie digit su itch driv mg magnet .M7 lor relcao eonditions, 

\\ i)icr ) connects up I he test mg circuit ol t he reipni'cil I’ li .\ group. 'I'he testing circuit 
of other groups on the di.scrimniator are disconnected .mil thcrclore engaged. 

On t he eomplet ion of t he train of inipui.^es relay U2 i' held energised and, as cireniti li is 
held open, riday Itli |•elcases. 

Itelav Itli lie energising opens circuit 7 of the digit switch driv ing magnet .M7. 

s. Circuit S is open and relav It' is released. 

Itelav it' opens circuit 2. and disconnects relay It2 from the vv ire. 

'.I. Itel.iy It' deenergising completes the eirenit of the driv ing magnet .Mil of the dis¬ 
criminator Magnet .Mil is operated and rotatis tlie vvipeis of the discriininalor. 

III. 'I’he wipers .\ ' and N- are now rotated until an idle line is I'onnd in the group on 
which w iper 1 ot the digit svv itch has been si-t, w hen relay It Ml is energised tlirough the eut-otf 
relay on the wanted snbseriher's jirescleetor and earth 

1 I. Itelav It Ml closes a holding eirenit for it.'elf, t hrongh its 311-ohm coil, at the same t inie 
engaging tlie selected line to other searehing discriminators. 

12. Itelav JtMl .\ and B wire eonlacts (vvhieh are o|ien during the seareliing to ])revent 
interference im engaged lines), now close, and ringing current is eonnected to the called 
line. 

Itelav Bill opens circuit 11. so di.sconm'cting the discriminator driving magnet, and 
hringing the wipers to rest on the called line. 

M'hen the called sub,scriber answers, relay 1112 is eiuTgised. 

Itelav Jtl2 removes the short-circuit from its second coil, wliieli is now held operated 
in se.nes with relay 114, over circuit 4. 

13. Belay It 12 conneets through the A and B wires, and opens the ringing circuit 12. 
Belay B13 is now energised over the loop. 
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14. Kclay is jiou t'ncri>isc(l from liatlcrv on the soha'ior A wiiv. 

ir>. Relay R(> is ciier^ri.st'il. * 

Hi. Relay R(i etiei'flisiiif; eoiiiieels the set'ond coil of relay K2 to the R wire, ill readiness 
for the reei.stration iff the eall. 

The .sjx'akinf'cirenit isjiow eoinjileted. and is lialaiiei'd h\ t he coils of relays Iv2 and HI,'} 
on o])po.site side.s of the eondeiisers. 

If all lines ill the wanted I’.I5..\. eriMi]> are enjia^ed ■ 

17. 'Pile diseriininator hunts for an idle line in the manner just deserihed. Imt all are 
engujied. The liitt's enjrafied on orieinatiii}; r dis have their testinj; eireuits diseonneeted on 
the (' arni.s of the first |ireseleetors. tlutse eneaj'ed on ineominji calls are enjraei'd hy the 
3tl-ohni eoil of the relays 11 In holdin>i the lines, and the discriminator passes over all lines in 
the jiroli)! lint il thi- last contact of the hank is reached, w hen relays R Itl and II' are eiieieised. 

Relay R 10 afti'r enernisiiiff is held lhrou<j;h its liO-ohm eoil (eireiiit 1 I). 

,'rhe riiif'iii}' eirenit is not <•011111101(^1. as t he .’V and I! w ires on t hi' hist hank eontaets ol t he 
diseriininator are not used. 

RelaV RIO opens the eireiiit of the discriminator dri\ inti mat.',net. 

15. Riisy anil lamp-llashint! eireiiit. 

Relay RIK is interinittently enertiised Imt is not re([nired at this time, d’he hii-y tone 
is induced in the line coils of relay Rl.'t. and transmitted over the eondeli.sers to the caller. 
The caller on hearint; I he hiisv tone replaces his reeeiicr. and t he eonni'ct ion is released. 

When a Call is madejroni a .Manual Switchboard. When a call ^s set up from a 
manual hoard, or from an ineoinint; junetion position, e'reiiit ehanttes are automatically 
elVeeted. hy which the condensers'and line rela\s on the I’.R .\. connector arc ciil out of 
circuit. 'I’lie siih.seriher is then directly connected to .ind the .sjieakintt current is ted from 
the cord circuit ontheniaimal hoard or from the incomin<; junetion [losition. 

The first ])arl of t he set t inj; up of t he connect ion is the same as already out lined, e.xcept 
that, ill I his ease, hat t cry is eonnecled to t he R \\ ire at the operator's posit ion. 

When, therefore, circuit is completed, as alreadi deserihed, relay R.'i is enei’L'ised. from 
hatlery, over flic R wire. 

lit. Relay R;> eiierj.;isiiis disconnects the .\ and R wires from the eondeiisers. and con¬ 
nects the wires through, so as to f;i\e a clean iiictalhc circuit for supervisory signals, and lor 
feeding current. 

2tl. A second winding of rclav lit! is connected to the t' wire, .so that relay lilt is held 
until the release of the eonnectioii 

t'ontaet Jit' opens to disconnect the rela\ Rtl! from thi' .\ and R wires, line eoil of 
relay R K! still remains connected to the R wire, through relay RI2, eontaet. lit". 

'J'lie operator dials I he units digit of t he nil in her of t he re([uired group, and the connect ot 
is set (*n an idle line in the group, as already deserihed. 

^Vhen the wanted siihscriher replies, the tripping relav 1112 is energised, conneels the 
A and R wires through, and disconnects relay 111.'! from the R wire at Ilf". Since relay 1111! 
is now di.scoimccted, the cireint of relay R' reniains open at 14' contact. Relay 11 is thus 
disconnected from the A wire at 14' contact, and from the It wire at 111' eonta,ct. 

The called siihseriher is supplied with microphone currentdirect from the manual hoard, 
and controls a su|ier\isory signal on the |)osition, in accordance with standard niifniial 
jiractii'o. . • • • 

A Call made from a Manual Efoard when all the Lines in the wanted P.B.X. 
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Group are engaged. 'I'Ik' setting uj) of tin- eomiwtor is .-is lias been already described, 
but, since all the lines in the gronji are engaged, the relay HH> eunnot be energised to cut the 
driving eireiiit of tbe diseriniinator. 'I'Ik' diseriniinator. therefore, rotates until the wipers 
reaeli the last eontai't. wliereupon relay It 10 and relay it' are energised, and elfect circuit 
elianges as already deseril»-d. ' 

21 . 'rill' relay llKi eonneets battery, intenniltently. over the A wire to the operator’s 
|iosition. 

Husy tone is also tran.^.nitted to the operator since tbe relay Rl.'i is eonneeted to the 
it wire, tlirongb irt " contact f relay K 12 . • 

(In receiving the lainp-tlashing signal the ojieiator withdraws the plug, and thereby 
relca.ses the connection. 

Release of the Connection when the Automatic Calling Subscriber replaces 
the Receiver, by replacing the receiver, the calling suliscriber sets lift the release condi¬ 
tions at the lirst selector, or relay re|)eater Halt cry is connected tot he B wire of the J’.B.X. 
i-onnector. over the relay l! 2 . so that the call is registered as the release proceeds. 

The reh’ase is given along the (' wire, through the various selectors in u.se, and fiiuillv, 
the (' wire leading to the IMl.X. connector is opeiusl. whereupon relays 114 and HI2 are 
released; relay 1112 is however slow to release. I’elav 1!2 is also relea.sed by the opcuiing of 
the A wire at the first selector. 

Ilolding circuit .■lofrelav 1 ! 1 is ojiciied. 

('irciiil l.-i is open and relay ll."> de-energises. 

('irciiit 17 is open and relav It Ml deenergises. 

('irciiil 12 opens I he ringing circuit Ironi the I! vv ire. 

Relav l !2 is slow to de-energise, and Iti’ contact remains closed while the call is being 
registered. 

When r(*la\ RIO relea.ses contacts 12' open to |irevent engaged lines being disturbed 
while the diseriniinator wipers an* retiirniiig to normal 

22. Circuit ol the diseriniinator driving magnet Mtt 

I’he discriminator wipers rotate, and are brought to rest on the normal contact, because 
the driving circuit is cut as soon as the normal contact is reached. 

2 !t The digit switch driving magnet M7 eirciiit is now comjileled, through the ilis- 
eriminalor wipers on normal contact, digit switch. Xo. t vvijier, magnet M7 and earth. 

'Pile digit switch wipers rotate until the driv ing cireuit is opened by the No. 4 vvi])er, t bus 
bringing the wijiers to rest on the normal contact. 

'Pile apparatus is now at normal and ready to be lirought into u.se on another call. 

Release when the called subscriber replaces the receiver can be jirovided when reipiiri'd. 

Release of a Connection made through a Manual Board. On these caJIs tlu' 
release of the eonneetion is under eoiilrol of the operator, as the culled subscriber has no 
direct eonneetion with the eonneetor-switch lelays. after the eonneetion is set up. 

'Phe release is giv eii by the ojierator iuterrujitiiig the (' wire. 'The diseoimeetioii is given 
along the (' wire, through the various selectors in use, and. finally, the (' wire leading to the 
1M5.X. eoiineetor is ojiened. when relays J{4. R 12 and K;t release. 

'Phe cireuit is now in the same eoiiilition as when the calling subscriber, on a straight 
autiiinatie eonncetiiai, hangs 141 first, and the release of the switches is effected as already 
vleseribed. 
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Section 29 

FAULT AND GROUP ALARM SIGNALLING ON THE SIEMENS SYSTEM 

Cirpnit o])orati()n of fauU and finmp alarm sifiiialliiii; on tlic (ir>t aiul spcond ])i(‘s<‘lpctor 
racks (P’igs. 70, 71). * 

When th^ Rack Main Fuse Melts. —If the main fuse K (Fig. 71), iiroicctmg the 
rack,melts the relay ]t(i.7 is energised,eitluM- through the fault, or hy the ne.vt eireuit hrought 
into use. • 

(>■>. The circuit is eoinpleted over tia to fuse liar, then through the faulty eireuit to earth. 

(iO. Loeking eireuit of relay Itori until faidt reeeivc's attention. 

()7, Alarm lamji L glows to imlieate the partimdar eireuit atleeted. 

(iS. Lam]) L2 glows to indicate on which rack the fault e.xists, and relay KtlS energises. 
•tiO. The section lamp glows. 

70. The alarm buzzer resounds. 

When the fuse is rejilaeed relay Itori is short-eireuited, to restore all eireuits and 
ajiparatus t-o normal. 

When a Branch Fuse Melts.— 'I'hese fu.ses are of standard type (see h'lg. 77). 

71. When a fuse melts relay It71 is hrought into eireuit, either from the hattery tlireetly 
or through t he motor iiderriipter, according to which ])artieular i-ireuit is afl^peted. 

72. The associated lam]) 1/ glow's. 

72. Kelay RtiS eiK'rgises, as hefore, to I'lose eireuits lilt and 70. 


&oV 
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Fuse Cla is mounted alongside 
and is tapped to the Patteri^ 
side of the main fuse, on rack. 
Fuses h,C,d,e, fp'nfi, 

1 perClrcult. 
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lUri/r AND (DU)rp ai.arm signalling (sikmens) 


P.G. (Permanent Glow) Faults. —'l'li<-s(> iiro (|uifkly localised back, from the 
first selector to the first ])reseleetor, by eoiiit('etiiig a lone to tlie (1 line to the lirst selector. 
'I’he rack on wbieh the faulty line tenninales ean then be (£uiekly found, and, thereafter, the 
fiiiilty line. • 

A low 7 'esistanee retartl ition coil is lilted at each rack, and'thy luddinj; eireuits (.'{') of all 
the relays I’lt on the rack are taken tbroiiph the ret^irdation coil to earth. 

A branch from each reiardatinii coil is wireil to strips of jacks, one jack per rack, in a 
jKisilion convenient to the 'lest Clerk. 

'I’he lone eotineeled to tli fault line ;il the (irsi selector ean therefore be found tpiieldy 
by t.-ipjiin^i: w ilh a receiver alonj; t he si rips of jacks until, w hen one is found. I hi' jack to which 
i(. is eonneeted indicates the innnbei' of the lirst |)reseleetor rack on which the lanlly line 
teiininales 

A siniilar lest is ap]ilie(l to the t' line on the terminal stri|).s on the racks. The relays IW 
now act as retardation coils. The tenninal on whii li tone is found indicates the luimby.r of 
I he preselector The test clerk ean then have the line eonneeted to a plueaine-np circuit. 

Group Gontrol (Fifis 72.7:!). 

71 l!ela\ 1*71 is iiiainalK held shorl-eirenited by I he eoiil ael s of the relays on t he 
second preseleelor lo which a partienlar row of lirst ])reseleetors has access When all the 
onl^ioiiii; eireuits from the row of lirst selectors are siinnltaneously eny;a£;ed, the shortcircuit 
is removed, and relay 1174 eneifiises. 

'I'lie preseleelor motor drivm” eirenit 2 is ojiened. of the row of first |»re.seleel,ors. to 
]irevenl switches rnimint; shonhl other subscribers attem|it to call The preseleelors do not 
operate whilst all the onliioiiij; jmietions are busy. Cireiiit (i is not closed, therefore the 
second preseleelor majtnel is enl olf. 

7.7 Tone is eonneeted to the transformer 'PC anil indneed in eirenit 1 . .\ subscriber 

in those conditions receives the busy signal. 

7(i. (’ireiiil of eronp lamp, to notify the trallie observation clerk that the lines ol that 
fifoup are all bii.sy. 

When a second |)reseleelor becomes free the short eiremi is removed, lelay 1174 de¬ 
energises, and workini; begins ajj;aiii. 

Second Preselector Racks. The fuse alarm eireuits (Fi.it. 71) are identical lo 
those on the lirst pre.seleetor racks, and the operating is. therefore, exactly as already 
described. 

Group Gontrol Gircuit (Fi>;s. 72. 7;i ).—\ row of lirst presi'leetois has access to a 
column of 10 second jireseleelors, each of tlii'.se second |)ri‘seleelors beiny on a ditlerent row'. 

,\s .soon as all the .second preseleelors in one eolnmn are enj;aeed, the drivme iiireuit 
of the row of lirst preseleelors havine access to that |)artieular eolnmn is ent and busy tone 
is eonneeted to the line relays. 

'riie second jireseleetors are arrau)>ed in 10 rows of 20 switches per row, and each row 
has access to a ])anel of first .selectors. 

.It is evident, tlierefoix'. that as 20 second jireseleelors have access to oulv 10 first 
.selectors, it beeonies necessary, as soon as the 10 selectors are all engaged, to jirev'ent the 
other' HI idle second preselectors from beiiifi brought into use, i.c.. that, contacts on the lirst 
Jireseleetors giving access to these idle seconil ju'e.seleetors must be made busy. 
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Furth<‘r. the urouj) eoiitvols of the columns of the iiile 10 second preselei'tors must also 
be cut, in order that, slionld the other switelies i«i a]i> eolnnni he hronjilit into use, the gnmp 
relay on that eolntnn will he enerf;ised, cut the drivinji eirenit on the row of lirst prc'seleetors, 
and eonneet busy tone to the line n-lays. 

The driving eirenit on a rhw of first preselectors is I herefore tuit, and Inisy tone eonneided 
to the line relays, if and when - 

(a) 'i’lie l(t second la'eseleetors, to which tin? row ha:; access, are siinnllaneo\'sly engaged. 

(/>) Only some of the sei'ond ))re.selectors are in nse. hot the outgoing lines on the idle 
switches .ire all engaged. 

Circuit Operation. —The relay R7 I. eonlndling a. roAv of lirst preselectors, is nnilcr the 
control of the relays on the Id second ])reseli-ctors, to which the lirst preselectors have 
acc(‘Ks. 

^Immediately a seeoial preseli'ctor is taken into nse, the group contiol eirenit 7li on 
that preselector is cut, by the r(>lay I>1111 contact, and when a free line is found relay Hr> 
contact, takes tin' place of relay nilS, which tie energises. 

As soon as the 10 second jtrcselectors in the eolnmns are all engageil, the relay R'> 
contacts are all open, the short circuit is removed from the relay l!,7d. which operates, cuts 
the driving eirenit of the first ]ireselccf or. comu'cts busy (one to I he line rt.'lays, and closes 
the eirenit of the groii]) lamp (see circuits 74 -70). 

'I’he groii]) control circuit, on each of the 2(t seconil ])reselectors in the row rerpiires to 
be cut, and the battery cirf nit feeiling the lllot relays has also to he disconnected. Asso¬ 
ciated with the group relay on (he panel of first selectors, therefore, arc four an.viliary relays 
(K7S). which are fitted lai (he second preselector racks. 

W hen the 10 lirst selci tors are all engaged, the group relay l>.7!t is energised. a,nd it. in 
turn closes the circuit 7K of the l■!.7S rela\s. 

'I'lie relavs l>7.'' contacts open the group circuits, on the 20 second )ireselect.ois. and at 
the same time disconnect the hattery lead for the I’lol relays, thus engaging that contact 
on (he first jireselectors which gives access to the row of second preselectors, Ihi' outgoing 
liiu's of \\hich arc all engaged 

.‘\s soon as a liist selector hecoines idle, the groii]) relay 1170 and the 1!7S relays de¬ 
energise. restore the second ])rcselec(or circuits to normal, thereby opening them up again 
for further nse. 

On eaeh second preselis tor a < nt-ont key COK is provided, (.fi etiable t he switch to he 
engaged, when a niaintenanee otiicial is working on the l•ircnit. When this key is jmlled out 
the (' line is disconnected, and the control circuit across the gron|i relay is also cut. A 
lani]), connnoti tfi tin' rack, is assiK-iatcil with the cut-out. keys, atid serves to draw attention 
to th^ fact that one or more switches .ire cut out of circuit. 
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Section 30 

ALARM SrCNALS ON THE SELECTORS 

First Selector (Fif?. 74).- On tlie first si-lirtoi' nicks iWariu signals are provided for 
the following faiilfs :— 

{a) Main fuse on rack inclls. 

(/() Branch fuse melts. 

(c) Shaft sticks on ■ -IciW. 

{(/) Snl)scrih(■r^s line is I’.C. 

Alarms (<■) anil (ri) arc nnilcr the control of a time lag device. A gronj) signal is ])ro- 
vided to show when all the 10 selectors on one panel are sinmltani'oiisly engaged. 

The second and snhse(|nen1 selectors are ])rovided viitli alarms (a). {Ii) and (c), and tho 
last is under the control of a tiine lag device. 

First Selector (Fig. 74) Rack Main Fuse Melts. 

87. When the main tn.se melts relay 1*87 energises, either through the fault or by the 
ne.\t circuit hronght into n.se. 

88 . Belay B87 closes a holding eireuit for it.self. 

8!). Belay B87 closes th<‘ eireuit for the alarm lamp L8‘.l associated with the main fuse, 
so indicating wjiieli jiarticiilar eireuit is alTected. 

00 . Belay B87 closes tin- eireiiitr of the 5 e p. rai’k alarm lamp. L84. and the relay R84. 
The rack lamp indicates which particular rack is atfei'ted. and relay B84 closes the section 
lamp and alarm hii/zer eireuils, as jirevioiisly descrihed. 

When the fuse is re])laee(l relay B84 is short-cireiiited. releases and restores thi' alarm 
circuits to normal. 

Branch Fuse Melts. —These fuses are of the standard Post Office type (Fig. 77). 

!tl. When a fuse melts relay ItOI energises, either from a hattery circuit, or through the 
motor interrupter, according to the particular circuit alfected. 

!t2. Belay BOI closes the eireuit for the rack lamp L84 and relay B84. and the 
•section alarm lamp glows, and also closes the eireuit of the alarm hiizzcr, as before 
described. 

03. Belay BOl closes the circuit of the lamp L03 on the rack as.sociated with the branch 
fuse alarm. 

'I’lie replacing of the melted fuse re.stores the alarm eireiiits to normal. 

Shaft Sticking on Release. —When the release magnet is energised it is held 
under eiirreiit until the shaft falls, when the eireuit is broken by the ojx-ning of the Ivcy K 
contact. 

.')8. In series w ith the relea.se magnet is a relay ER.58, wliieh is energi.sed and held, so 
long as the release eireuit is elo.seil. llelaj’ KRfiS only jirepares the alarm circuit, which 
is under the control of the time-lag device, and only after a jiredetennined interval is the 
alarm sounded. ■ 

tT. Relay RR.'VS connects relay R81 to the starting contact on the slow speed cam, and 
at the beginning of a.revolution relay R81 is energised. 
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82. Relay. R81 when-(‘nergisetl disconneets itself froni the line to tli<' .sl(nv-.s|M'ed cam 
and locks np. Relsl^ liSl is now under the e.onirol of the relay IfKoS and. shoidd the release 
magnet circuit he interru|)ted hy the shaft reaching the normal position, relay Rlt.aS and 
relay RHI ar<' relea,sed, without the alarm being stamdcd 

88 . A circuit for relay "ItH;} is j)rei)ared, and if the fanlt\ conditions arc maintained 
throughout the revolution of tin' slow-speed cam. relay lvH:t is energisc<l hy the closing of 
the alarm contact, and locks itself. 

84. Relay R83 elos('s a circuit for the rack lamp hS4 and rcla_\ RS4. Relay R84 closes 
the circuit for •tin' section lam)), and .starts the ahirm 
huz/.cr, as before des(Tihed. 

The fault is now localised hy ; 

(o) Secti(m lam)). 

(/)) Rack lain)). 

(r) lain)) associated with shaft sticking alarm. 

(ft) An ins))ection of the selectors on the ))anel. 

'I'he faulty selector rch'a.se magnet will he in the 
oyierated ))osit.ion. 

When the selector shaft is released the ;darm ii))))aratu.s 
will return to normal. 

P. G. Faults. If a suh.scrihcr's line dcvelo|).s a laidt. 
or a receiver is li'ft oH' the switch-hook, a first selector is tiiken into nSe hy tin' ])ro.se- 
lector.s, the rc'lav R7 on the selector is ('uergised through the fault, and hrings into circuit 
the relay Rltt, which is also ('iicrgised. 

11 . Relay .RRll is I'liergisi'd, and the lain)) a.ssociatcd viith tin' selector glows. 

H,'"). Relay R.Rll com))l('tes the circuit of tin' lam)) on tin' rack iissociated with the 
P.(f. alarm circuit. 

S(). Relay RRll cou])h's u)) relay Its) to the stiirting wire of tin' slow'-syn'cd alarm 
circuit. 'I’hc opi'ration of the circuit is now e.xactly as idri'iiily descriln'd in SI S3. 

When the alarm huz/,('r is somnled, the maintenance oflicial locahsi's the fault to the 
selector on which the R.(i. lain)) LI I is glowing. 

A plug, to which is connected a battery from a loin' i-oil. is inserted into the jack asso¬ 
ciated w'ith the selector on tin' rack, and the faulty line is ijiiickly lo‘ ilised on the first 
prc'si'lector racks, as described in connection with tin' lir.st ))re.selector. As soon as the tone 
))lug is inserted into the selector Jack, the si'lector shaft is raisi'd a stc)) or two by hand, 
thereby restoring the alarm a))))aratus to normal. 

Group Control Circuits. groii)) relay is fitted on each jiaiiel of ten first selectors, 
to control tin' first aiul second ))re.selectors. and to show when all the si'lectors are siinul- 
taneonsly I'ligaged. . 

80. 'I’lie relay R7it is norinidly short-circuited by the line SO, and K2 contacts in each 
relay set on the jianel. 

When the selectors are all engaged all tlu' lines HO art' o))('n, and relay R7i> then energiises 
in circuit 7!l. • 

81. Relay R7t) closes the circuit of the lain)) on the traffic observation ))osition.« 

78. Relay R70 closes the circuit «f the relay R78 on the second •jireselector racks. 
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A-i soon as a scicrtor l)(‘C(imi‘K free relay I!Id is released and the K eontael resumes 
iKirinal. Helay ]!7!i short-eireiiited and reteases, so releasiiif; the relays RTS. The eirciiits 
are then at nonnai. 

Second and Subsequent Selectors (Fi^. 75). .Mann signals are provided on the 
followiiif.' eirenits • 

(a) .Main fuse melt' 

(5) Rraiieli iiise tneil s. 

{(') Shaft stiekineon i-elea>e. 

'J’Ik' relays and the eirenits are arranjri'd eNaetly as on Tiie lu'st, selector ciiagram, so 
that the o^ieration of the ein iiits is (>\aetly as already d(‘.serili(‘d for fhe lirst selector. 

(Iroiip (aaitrol circuit-. :— 

These ar<- not pro\ idisl on the .-econd and snl)M'([nent selector racks. 


Section 31 

M ARM SICN.ALS ON I’HK CONNECTORS (Kig. 76) 

On the connector rack' alarm signals arc provided for the I'ollouinc faults 

(«) .Mam insc on rack melts. 

(/)) Branch hi-.e melts. 

(r) Shaft -tickinc (ai relcasi' 

((/) Bha kina .'iynal alarm tia- use on sinale release Morkiim. 

.Alarms (c) anil {<!) arc undci- the control of the time-laa device. 

A ^rou|) alarm .sitiiial is provided to indicate wlien all the connectors on one jiancl are 
siinnltaneonslx cntiaaed 

Rack Main Fuse Melts. 

tM. W Ik'ii the mam tiisc melts the relay RtU is enerj^ised, either thronj;li the fault, or 
by till' next eiremt hroiiuhl into u.se. 

!!•'>. Relay RtM closes a holding eiremt for itself. 

!M). Relay Rtil closes the eireuit of the alarm lain]) .Mf'Ettli. associated with the main 
fuse, so indieatinc whii li particular circuit is alTected. 

97. Ri'lay RtM closes the eireuit of the .5 c.]). rack alarm lamp L!I7. and the relay Kfl7 
eiierjdscs. The rack lamp indicates which ))articular rack is affected, and relay R!)4 closes 
the circuits for the'section lam|i and alarm hiizzer. as previousix described. 

M hen the fuse is replaced relay Rit4 is short-cirmiiti'il. releases, anil restores the alarm 
eirenits to normal. “ ‘ 
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Branch Fuse Melts.* Tlii's<' fuM’.s are of flic I'ost OHicc >taii<lar<l type. 

f<8. When a fuse melts relay I’itS is erterf'is*‘(l direetly from tlie-liatlery. 

!>!>. Ilelay Itits closes the eiremt for the rack lam|) Li)7 and relay l!.!>7, so flowing the 
section alarm lamps Tind somaling the alarm Imzzer. 

lot). Ilelay li!(7 close, the eirenit of the lamp on the rack associated with the hraneh 
fuse alarm. 

'I'lie rejilaeing of the melt<-d fuse restores the alarm eiremts to normal. 

Shaft Stickin}^ on Release.—When the release magn«^t is energi.sed, it is held under 
current until the shaft falls, when the eireuit is hroken liy the opening of the K eontaet. 

(il. In series with the release magnet is a relay Util, which is energised and held so long 
as the I’elease eireuit is closed. Relay Rtil only ])re|)ares tlu' alarm eiremt. which is under 
the control of the time lag deviei'. and only after .1 predeti'rmined interval is the alarm 
sounded. 

•ltd. Relay R(>l elo.ses the eireuit for relay Rltd. to the starting eiaitaet on the .slow 
speed earn, and at the heginning of a revolution i-elay Rltd is energi.sed. 

Ini. Relay R ltd locking eireuit. 

Relay Rltd is now under control of relay Rid. and should the release magnet eireuit. 
1)<‘ interrnjited hy the shaft reaching normal ))osition relays Rtd and Rltd are ile energised 
without the alarm heing .sounded. 

in.'k Relay Rltd prepares t In'eireuit of relay Rln'i. 

If the fault\’ eoiiditioiu^ are maintained throughout the re\olulion of»the slow .speed 
cam. relay R int! energises. In’ the closing of the alarm eontaet and locks itself. 

Relay RIOi closes the eireuit for the rack lamp Ltd and relav R!)7. Relay R!)7 closes 
the eireuit of the section lanijis and starts the alarm liu/./.er. 

'Pile fault is now localised hy : 

(a) Section lamp 

(It) Rack lamp. 

(r) Ramp associated with shaft, sticking alarm. 

(tl) An inspeetion of the eimni'etors on the panel. 'Phe faulty eomiector release 
magnet will he in the ojierated position 

When the eoniieetor shaft is released the alarm apparatus returns to normal. 

Blocking Alarm on Single Release .System. l»ii thiss\steni the release of the 
apparatus is under the control of the calling siih.serilier. During eonver.sation relay IH.’i 
eunta<-t 11' and relay 1R17 eontaet 4(i' are closed and can only he opened hy the ri‘lea..se of 
the eoimection. Relay RIJ.'I eontaet +li' is open so long as the called suhseriher is speaking. 

■Ili. When the called suli.seriher replaces his receiver relay IRl.'l ile-energises. and 411' 
eontaet elose.s the eireuit of the hloekiiig alarm. 'Phe 21 volt lamp R4li glows and shows on 
which eoniieetor the eonneetion is heing held. 

104. Relay R4C is energised and closes the eireuit of I he hloeking signal alarm lamp LI 1)4. 

lO.'). Relay R.4(i eoujiles u]» the eireuit of I'clay RIOl, thus throwing tlm fault under the 
control of the time-lag device, as already deserihed. 

If the calling .suhseriher does iiot replace his receiver hefore the time-lag device'.'lo.ses 
the alarm eireuit, relay RK’.'l is energitjUl and hriiigs in the rack lamj). .seetion lamps and 
alarm buzzer. 
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The fault is now- lucalisHi l»y 

(a) Sc^ftioii larti|(. 

{!>) Hack lamp. 

(r) Lamp associated with the hlockiiifi; signal alarm. 

('/) Twcnty-four-volt lamp on eoimcctor alTcctcd. 

The atleixiant rcstorcN the connector to normal, tlicrchy freeing the e.afled suhse.rihor’s 
line, and at the same time re; lorinj; the alarm eireiiits to normal, and ])roeeed.s to localise 
the calling line which i;> eaiisin, thetronhie. • 

Group Gontrol Gircuit.—A group relay is associated with each jianel of connectors 
to show when the\ an’ 'ilnultaneon^iy engaged. 

litti. Itelay ltlo7 is iKunially Ix’ld short-eireniterl hy the K2 contacts of the connectors 
in the panel. Immediately the last eonneetor in the itanel is hrolight into use the sliort- 
cirenit is emoved from the relay I>.1()7, which is now energi.sed. • 

IttS. |{.ela\ 1!I07 closes the eireuit of the lam]i on the trallie ohservation |)osition. 

As soon as the eonneetor hecomes free, the K2 contaet short-eirenits the relay Ul(t7 
again, and the lamp ei ases to glow. 


Section 32 

FAULT ALARM SIGNALLING CIRCUITS ON THE MOTOR INTERRUPI’ER RACKS 

(Fig. 78,1 

On the interrupter machine racks alarm signals are provided ha' the following faults :— 

(ft) .Main fuse on rack melts. 

{Ii) Branch fu.se melts. 

(c) Interrujiter .sju’ing eimtaet jicrmanently clo.sed. 

((/) Interrupter s|)ring eiaitaet jiermanently ojien. 

.Marins (r) and {/I) are under the, control of the time-lag device. 

Rack Main Fuse Melts. I. When the main fuse melts, the relay K' is energi.sed, 
either thnaigh the fault or the next eireuit brought into use. 

2. Belav B' closes a holding circuit, for itself. 

2. Beliiy B.' closes the circuit of the alarm lamj) as.soeiated with the main fuH(‘, so 
indicating which jiartieular circuit is affected. 

• 4. Relay B' clo.ses the circuit of the ■"> e.]>. rack alarm lamp Lf and the relay B4. The 

rack lain]) L4 indicates whieh ]iarticular raek is affected, circuit ,7 glows the section lamj), 
and circuit ti causes the alarm buzzer to sound. 

When tlu’ fuse is rcplacoil relav' B' is short-circuited, releases, and restores the alarm 

circuits to normal. • 

* 

Branch Fuse Mflts.—These fii.ses are of the l^o.st Office standard tyjie. 

7. When a fuse melts, relay B7 is energised diractly from the battery. 
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S. ]{(‘lny l!T cliiM's the circuit of tlic rack hmip lA and cnfr^iscs relay R4. Relay R4 
ck.ses circuitti "i and <>,_tlnis }j;loHin}; llie Mattion alarm lamp and sound'ing tlie alarm buzzer. 

!l. Relay R7 cIom's tin- circuit of tlic lanij) RAl.t) on the rack associated with the Viraneh 
fuse alai'iii. 

'I'he replaciiia of tlie melted luse restoies the alarm ciicrfit.yto normal. 

Interrupter (lontael Permanently Closed. If one of the interrupter ■spriiif'.s fails 
to lire.'ik contact, the drivmn mairnets 'ithich it supjdies will be locked ifl their enerfiised 
position whin taken into m. 

lit. Relay Rlll v\ill then be <-ontinuously energised. 

11, Relay RIO prepares the eireuit of relay Rll, wlii<li is eijeryiscsl at the befrinning 
of a revolution of the slow sjieed cam. 

12. Relay Rll di.sconnects itself from the line ti> the slnw sp<'ed c.im and locks itself. 

R!. Relay Rll closes and prep.ires the circuit of relav Rl.'!. Relay Rll is now under 

t he <-ontrol of rela\ R Itl and. shoidd the fault cleai' itself before the slow speed cam has made 
one revolution, relay RIO and relay Rll will he released, withont the alarm being .sounded, 

14. If the fault is maintained I lironghoiit a re\olution of the slow speed cam, relav RRt 
is energised by the closing of the alarm contact and locks itself. 

la. Relay R l.'t closes I he circuit of the rack lamp b I and relay R4. Rela\ R I energising 
elo.ses file eirenil of the .section lam|i and starts the alarm bii’/zer 

l(i. ('iri iiil Mi is closed b\ relav Rl.'iloglow the alarm lainii associated with the faulty 
•springs. 

’i’he fault, is now localised by .- 

(a.) Section lamp. 

ill) Rack lanij). 

{<•) Interrupter spring alarm lamp. 

When the fault is cleared the alarm a|iparatus returns to normal. 

'I'wo interrupter machines are used, which cati be eomiected alternately to the driving 
circuit by means of a change-over switch. 

17. A spark ipiench circuit is litted for each pair of .sjiriiigs. 

Relay RIO is eneruiseil during the normal ojieratioiis of the driving magnets, but. it is 
not- held long enough for the relay Rl.'! to be brought into eireuit over the slow acting cam 
contact, and coiicseipiently the alarm is not given. 

Interrupter (lontact Permanently Open.- IH. As long as the interruptions are 
faking ]ilace regularly, relay R IS remains energi.sed. If a jiair of springs fails to make con¬ 
tact, the eorresjionding relay RltS will be de energised. 

Rl. Relay RRS jirejiares the circuit of relay Rll. If the fault jiersists long enough, the 
alarm is given as jireviou.sly described. 

20. Relay Rl.'' elo.se.s the circuit of the inferrujiter .spring alarm lain]) Lit). When 
till- fault is I'leared, I'clay Rls is again energised, and the alarm a])])aru.tns is restored to 
normal. 
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Section 33 

FAULT AND GROUP ALARM SIGNALLING CIRCUITS ON P.B.X. CONNECTORS 

(Fift. 79) 

On the P.B.X. coiineetor raclv.s alarm .signals are provided to signal the following 
faults:— 

(a) Main fu.sp on rack melts. 

(b) Branfh fuse melts. 

(c) Blocking signal alarm for use on single release system. 

Alarm (r) is under the control of the time-lag device. 

A group alarm signal is prm'i<led to indicaU*. wlum all the connectors on one panel are 
simultaneously engaged. 

Main Fuse Melts. 

.‘51. When the main fuse melts relay MF' is energised, either through tlu* fault or 
by the next circuit brought into use. 

32. Holding circuit for relay MF'. 

33. Circuit of the alarm lamp MF33 associated with the main fuse, which gkjws to 
indicate which particular circuit is all'eeted. 

34. Circuit of the .'i-e.p. rack alarm lam]> and nday 1>P4. 'I’he rarh^lamp indic-ates 
which particular rack is affected, and circuits S.Ti and 3() close the section lamp and alarm 
buzzer circuits rcsp(“ct ively. 

When the fuse is rejdaeed, relay MF' is again short-carcuited, releases and restores the 
alann circuits to normal. 

Branch Fuse Melts.- These fuses are of the .standard Post OHice type, as used on 
manual equipments (Fig. 77). 

37. When a fuse melts, relay FA is (UMirgised din^ctly. either from battery or from the 
interrupter. 

38. The rack lamp and DP relay energisi'. Circuit 3.5 (doses t,o glow the section alarm 
lamp, and circuit 3li ojjerates the alarm buzzer. 

3t). Circuit of the lamp i''A3tt on the rack associated with the branch fuse alarm. 

The replacing of the melted fus(‘ n'stores the alarm circuit to normal. 

Blocking Alarm on Single Release System. On this .system the release of tin; 
apparatus is under the control of the (tailing subs(triher. 

40. During conversation, relays K 10 and Rli are held energised, and this circuit can only 
be opened by the release of the connection. Itelay B13 contact is open as long as the called 
subscriber is .speaking. When tlut called subscriber nqilaces his receiver, relay Jtl3 de¬ 
energises and closes the circuit of the blocking alarm circuit. 

The 24-v()lt lamp glows and shows on which connector the connection is being held. 

41. Relay B840 is eiu'rgised and closes the circuit of the blocking alarm signal lamp. 

42. Relay 842 is connected to the starting (tontact on the slow'-speed cam of the time- 
lag device. At. the Ix'ginning of a tevolution of the cam relay 842 is eiw^rgised. 

43. Relay 842 holding circuit. 

A.-l.S. 
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44. ('intuit of Z44 |•(•li^v l)rf)>arf(l. If the fiiiilty coiufitioits are jiiiaiiivaincd (liroligli 
one revolution of the sJow speed eaiii, relat Z41 is eiiergi.seil hy tlie closing of the alarm 
eontaet, and locks its('lf over contact 45. 

4(>. The rack lain]) iinil 1)1’ relay cin-nit^ arc closed. Circuit 5 gll»\^^ the section lam]). 
a))d cirenit (i stalls the .ilarr)) Ini/./er. 

The fault is ))o\v looili.^'d hy 
(n) Secti)))) l.i)))]). 

(/() l!.<i:<4v l;ii))]i. 

(c) La)))]) iissociiited with the hloi'kinc .-.igiial iiku'))). 

(d) 24-volt li))))]) 0)1 co)))ic<'tor airccte<l. 

The atlc))da))l )-esl,orcs th)' co))))<'clor to ))or)))al, thi'l'chy f)'cei))g the calleil s))hs(Tiher’s 
h))e a))d !)t the sa)))c t)))ic ))slor)))n the akir))) c)))))ils to iior)))al. He th)‘)) ]))dce)'ds t)i 
hsiihs)' the ciilli))g li)))' which is caiiM))g the li'ouhlc. 

Croup Control Circuit. .\ g)dii]) )-clay )s iissocnilc)! with tiuh |)i)))i'l ol l’.H..K. 
id))nci'to)'s to show who) they all si)))))lla))co))sly oigagcd. 

47 Ih’lay (i.\' is ])o))))ally hclil sl)orl-)i)'0)iteil li\ the 47' )d))lact ot i’ch)\ 114 o)) the 
I’.ll.X CO))))CClO)S. 

4is l))i)))cd)i).tely th)' last )'))])ncclor )n the ])am'l L l))d))gl)t ))ito iis)', the sl)o)’t-)'i)'(a)it is 
l'c)))ovol h'oii) I'clay C.X'. which is then I'nci-yiseil. 

to ('i)'ciiit of the hi)))]) 0)1 the t)anic oh,sen at ion ])osil)o)i. 

As .SO)))) as a. )'))n)i)'i'1or he)')i)i)es fri')' Ih)' 47' )')i))tact agai)) sh))i't-ci)')'uits the )')‘l:iy (iX,' 
iiii)l th)' la)))]) c)'a.s)'s t)> glow. 
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Section 34 

TRUNK-OFFERING APPARATUS AND (CIRCUITS (Fifts. 80-81) 

• 

A spcciiil coniKH-tor f(«' l<K> lines is provided, so lliid an operalor may ehallenee 

eilfiiifjed lines and ofl'er a trnidc eall t(» a snl(seril)er. 

'I’o allow of*tlie subseriher's I'nll number beine dialled, tlit* lirsl two .sets of im|mlses ar<* 
diree.ted to a spe<-iat two-difiit .seb'ctor switch (Fig, sn), wbieb eonneets the trunk offering 
eonneetor to the ]l!irti(nlar MM) reipiired. 

The two-digit selector is a standaid eonneetor meebanism, but the relay set is s])eeially 
designed to meet i)artieulai' conditions re(|niri'd. 'I'wo two-digit selector switches are 



jfrovided, and are multipled ovei' the manual board. As there is only otu; trmd\-olferitig 
eonneetor per 100 lines, if an opeiator tries to get through to a truid<-olferiug eonneetor 
alreafly in use, a lain])'llashing signal must be gi\'en b.utk from the two digit selector. 

The truidi-olfering eonneetor is also a standard eonneetor mechanism, but circuit 
arrangtnients .allow of engaged lines laang entered without in any way interfering with the 
connection. 

The circuits are numbered in the oriler of operation, and arc as follows - 

The operator in,serfs a plug into a line jack of a two-digit .sehs'tor Jind moves the (bailing 

key. 

1. Relay R' is energised over the third eonduetor eireuif,. 

2. Relay R2 energi.ses. 

If. Relay Rlt is energised by battery from the dialling circuit over the A wire. 

4. Relay R4»i,s encrgiiscd in parallel ^^ith relay R2. 
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THUNK-OFFERING APPARATUS AND CIRCUITS 


5. Holding circuit of relay R4, which is now independent di relay R3. ‘ 

The circuit is now. ready ti> receive impulses. 

The oj)erator now dials the first tligit of the required number, and the lino is interrupted 
a number of times, (corresponding to the value of the number called. 

0. At the first interru])tion relay R3 is de-energised, itekiy R(i is energised. R6 is 
slow to release, and remains eruTgised during each train of impulses. 

7. On the completion <jf the first impulse, relay R3 is again energised, and the lifting 
magnet M7 ree(cives an imtuilse. The shaft is raised one step and contact K clo.ses. 

The rcrn.ainder of the 1;, st set of impulses are now direcU-d to tluc liftiitg magnet by circuit 
7, and the wijiers are steitpisl up to the recpiircsl level. 

As soon as the impulses are finislusl, relay R3 is held energi.sed by battery from the 


dialling circuif.. < 'inaiil (i is held o])eii, and relay R(i releases. 
H. Relay RH is now energi.sed. 



HMHX To RMRelriii^mJHjltery 

Fin. SI. -Kik.mi;ns TnnNK-oi'Kinsn CoNNueToK (’iKeoiT. 


!). Contact !> clo.ses a holding circuit for relay R8, which is now indc])cndent of relay Rfi. 

Relay Rs di.sconnects the. lifting magnet M7. and couples uj) the rotary magnet MlO. 

The operator now dials the hundreds digit, and, as before, relay R() is energised. 

10. The iinjuilses are dir(»ct(Hl to the driving magnet MlO. 

11. At the first rotary step the contact VV' disconnects relay R2 from the C wire and 
throws it under the control of relay RO. 

The wipers are now stepped round to the required contact. 

Relay 113 is held energised, circuit (» is open and relay Rli de-onergiscs. 

12. Relay R(1 ojiens circuit 10 of relay R2, which is, however, slow to release, and before 
it eati release, ib the required trunk-offering connector is free, relay R12 is energised from 
battery at the trunk eonnector. 

13. Holding circuit of relay R12. The called circuit is'engaged through the 30-ohm 
winding. 


To Wanted Sub 
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14. Relay R12 contact?! 14' join through the A and B wireri to the offering connector. 

Relay R2 now de-cnergise.s. • 

Relay R6, by opening circuit 3, di.sconnc'cts tlm relay R3 from cart.li. 

t'ircuit H is opened and releases relay Rs. 

The operator is now connected through to the trunk-olTcring connecbir. and the A and 
R wires are quite free of brklgcs and ai)paratus. Relays R4 iind R 12 are held cncrgi.scd. 

When the ft’\ink-olIcring connect(H- is taken into us(\ relay RRI2 (Rig. HI) is energised 
and connects the relay RR14 to the A wire. 

15. Relay RRl4 is energised and eonnects rchiy R1.5 in parallel with rekiy RR12. 

It). Relay RIO is energised. 

17. Relay R17 is energised, and the conneetor shaft is lifteil the recpiired nuiuber of 
.steps over circuit IH (as previously explained). 

After the impulses, circuit 17 is held o])en and n'lay RI7 releases, 

^tt. t’ircuit 10, over which relay RIO was held after K' contact opei'idisl, now opens, and 
relay RIO is releast'd. 

20. Relay RIO d(‘-('nergising, opeiis circuit IK, disconnects nnigiu't MIK, and eonnects 
up M20 in readiness for the last series of impulses. 

The connector wija'rs iirc then stepped round to the |•c(|uircd contact, iind ri'lay R17 is 
releas(‘d as j)revioHsly described. 

Relay RI7 opens circuit 12', and relay RR12 is rek'ased. 

Circuit 14 is opened to disconnect, relay RR.I4 from the .A wire. ^ 

21. 'resting circuit over the (' wire to tlie eut-oll relay on the Wiinted sidjscriber's pr>'- 
seleetor. 

22. Relay RIO is energised over circuits 10 and 22. 

23. Relay R 10 coidacts clo.se, eomu'cting the A and B wires I t t hrough to the. line called. 

25. A local circuit. 'I'he arrangement of resistances in this circuit is such t hat the point 

to which the C wiper is connected is a.j)proximat.ely at the siimc potentijil iis that, already 
existing on the lead of an engaged connection. Consequently the hitter is not in iiny way 
disturbed when a trindv-olfcring connector is set on the line. 

Should the wanted sidiseribcr hav'c released his connection whilst the connector is being 
set, the cut-off relay of his jire.seleetor is (‘iicrgised over circuit 21. 

The line is engaged to other connectors by the low resistance (15 ohms), w hich takes the 
place of tlu' 30-olim coil of relay Rlli, used in an ordinary eonnection, 

'i'hc operator informs the wanteil subscriber t.hat h(> is lequii-ed for a trunk call, and asks 
him to release his eonnection. .She then i-eleases the two digit, selector and the trunk- 
offering connector, and seta up the trunk call in the ordinary way. 

Release.—^When fho operator withdraws the plug from the jack, rehiy R' (Rig. HU) is 
de-energised. Circuit 4 opens ;ind relca.ses ri4ay R4. 

Circuit 12 opens and relca.s(‘s relay R12. 

20. (lircuit of the relea,se magm't M20. 

(Contact 14' opens to prevent interfei’enc<> wdth engaged lines, whilst the connector is 
being restored to nonual. 

The connector shaft rotates and falls, and tlu' K and W contacts an* returned to their 
normal positions, the circuit of the release imignet, being finally ojamed !it K'. 

When circuit 12wa8opcrted the cirouit of relay RR12, at the truirk-offering connector, 
was interrupted.* This connector now releases in a manner similar to that just described. 
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When a Trunk-offering Connector is engaged. 'I'hc conliwtorjs s(‘t«)n tiu- coiitacis 
(if llic wanted line as already described. • 

Wlien relay R17 closes eireuil Hi l!>. relay Hid cannot be energised because it is 
-.Inmled by the .‘tO-obni coil of the relay It Hi of the connector already engaging the line. 

27. When ivlay 112 is released a little later, relay KS is intfriuittently energised through 
the lamji-tlashing eontaet. 

2H. Jiain|i Hashing signaK are Iransinitterl to the oiierator, over the A wife, to the suja'r- 
visory relay and earth. The operator is thus informed that the Irunk-olferinu connector, 
in the required hundreds giruij is already engaged. 


Section 35 

PRIVATF. BR.\NCH EXCHANCE TRUNK-OFFERING CONNFtCTOR (Fig. 82) 

A special JM5..\. connector is jirovideci on each grouji ol 10 ]’.I>..\. s, so that an operator 
mat challenge an engageil line, and offer a truidv call to the sidiseriber. 

I'o allow of th(‘ .siibseriber's full number being dialled, the first two sets of inipidses arc- 
directed to a tvo-digit selector, which selects the IM5.X, trun.l<-o(rering conneclor in the 
jiarticidar grouji, as .dready described (l‘’ig. 80). 


•r.A-f'’ Jo If 



bfi~ : 


I’ll., sg. - Sn,.>ri'Ns IMi.X. 'I'lU Nk-oi'i'i.jnNo Cowkitoi! ( im err.^ 
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Wlion a trgiik call contcs tlir<mf>li fur a I’.H.X. subscrifxM’, the opc'ralor sets uj) (lie call 
in (he usual way. If all the lines on the I'.H.X. .jre eufiaged. she r<>lea.ses (he eonnectiun, an<l 
brings the (rnnk-uU'erinf; apparatus intu operation. The trunk-offering connector enters the 
first line in the particular IMl.X. fironj* reiphreil, and the ojierator ])rt)cee<ls to olTer the call. 
If the subscriber afirees to ^akf it he is reipiested to haiif; up his receiver. The operator then 
releases (he trunk otferine appajatns. and sets up (he call in the ordinary way. 

The circuits are nnnibercii in the order of operation, and are as follows ; 

1. When the I'.B.X. trunk-olferine l•ounector is taken into use relay It' (‘ueri;is<‘s. o\ er 
the (' wire, to cartel at (he two-dijfit s<‘lector. 

2. The r('lay H2 is »‘uerf;ised ove?’ (he .\ wire to battery at the trunk operator’s positicai. 

Relay R.'5 is energised. 

4. Holding circuit for relay U:i. which is now inde]>endenl of contact It'. 

'I'he circuit is now ready to receive iinimlses. The operator dials 1b(' units diait of the 
wanted std)scriber's nmnber, and at the lirst interruption relay R2 is released. 

f). Relay R.'i is eneraised. 

(). At (he end of (he first interruption relay R2 is again energi.sed. aial (be digii switch 
driving magnet .Mil j-eeeives an iinpidse. 

Rela\’ R.'i is .slow to release, and holds its arinatnre during the siaies of impulses. 'Pbe 
lemaindtT of (he imjmises are directed to the driving magnet M(> over circuit (i. 

Wipers I, 2, .‘t, nrni -I of the digit switch aie rotated a nnmlx'r of sti'ps. eorrcsponiling to 
the number dialled. 

7. Relay R' is now held ovi’r wiper .'t m its ofl-normal position, and is nftder the control 
of relay Ra. 

At tiu' conclusion of tlx' lirst .series of im))nlses. relay R2 is held energi.seil. and, since 
circuit a is o)ien. relay R.'> is released. 

Circuit (> is o]ien and disconixx-ts the driving magnet circuit of (be iligit switch. 

('ireuit 7 ojx'iis (he holding circuit of relay R'. w hii li is now I'eleased. 

Circuit 2 is ojxm. and disconnects the relax R2 from the A wire. 

5. The driving magnet of (he discriminator is joineil u|i. 

!l. The discriminator wipers commeiuc to rotati', and. as soon as a wiper X conies into 
contact with the first line of (he grou)i. on which (be wiper ( of (he digit switch is resting, 
rel'iv Rtt is operated. 

Circuit H is o|X'ned and disconnects (he drixing magnet of (he discriminator, and (he 
wipers come to rest. 

1(1. 'Pile contacts 1(1' conneet the A and 1> wires to tlie wanted line. 

11. If (he line should be freed xx hilst the l onneetion is being set up, (lieeiil off relay on 
the preselector will be eiu'rgi.sed over the (' w ijxa' of the ili.seriniinator. 

fl'. A local circuit, tliriaigh resistances l.n, do and 400 ohms, to earth. The arrange¬ 
ment of resistances in this circuit is sneb that (he (xiint to which the C wijier is connected is 
approximately at the same potential as that already existing out he lead of an engaged coimee- 
tion. Con.se(|ueiitly. the latter is not in any xxay disturbed when a I’.R.X. trunk olTering 
conneetix’ is set on the line. 

Thc‘ line is engaged to other connectors by the low resistance Id ohm,s. which takes' (lie 
jilaee of the KO ohm coil of the relax'Rtl used in an ordinary connection. , 

The operator informs the wanted subscriber that he is reipiinxl jm a- trunk call, and 
asks him to reli^ise his connection. She then releases the txvo-digit selector and (he trunk- 
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offifriiif; conni'cttor, and sets up the trunk call (jver the ordinary selectors and the P.B.X. 
connector. _ • 

Release of the Connection.—When the operator withdraws the plug, the two-digit 
selector is released, and the relay Rit circuit is hi'oken. 

(Circuit :i - 4 is opened and ilisconnccts relay H3 from the(! wire. 

Circuit it is opened and disconnects 7’elay Hi). 

Contacts 10' ojten and prevent interference on engaged lines during the return of the 
switches to normal. 

t'ireuit II is opened and opens the equipotential ciriniit. and diseontt,!ets hattery from 
the C wire. 

12. The circuit of the <lriving magnet Ms of the discriminator is completed. The dis¬ 
criminator wipers are moved round and hrought to rest on the normal contact, hec.aus(‘ the 
driving magnet circuit is cut liy a. wiper I). 

12. The tlriving magnet AIO of the digit switch is now hrouglit into circuit, and reetjives 
impulses. The digit sw'itch wipers return to normal, and the driving magnet circuit is cut 
at wip<‘r 4. 

All the r(4ay contacts and switch wipers are now in their normal or resting position. 


Section 36 


SIEMENS TESTING CONNECTOR (Fig. 83) 

One testing connector is tilted foi' each grou]) of 100 suliscrihers’ lines in the extdiange. 
'I'he.se connectors are wired to testing jacks lifted on the test clerk s desk. 

.\ss(s'iate(l with each testing jack is a dialling jack, on which lines from the imj)ulse 
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relay of the testing connector teriuinato. The setting up’ of tlie oounector is tlms quite 
independent of the testing leads. • 

lly this arrangement the test clerk can, after setting th(' eonnector on a ])artie)ilar line, 
cause it to nutve on tp another line on the same level wit.liout having to release the eoniu'c- 
tion. This is particularly useful for making routine tests of eonseeutive lint's. 

The testing eonnector is a standtinl eonnector mecluvnism, hut the circuits are so arranged 
as to give a straight metallic cirtniit over the A and 15 wires for testing purposes. 

The eirctiit arrangements are such that the eonueet.or can Ite .set on an cngtiged suh- 
seriher's line without interfering with tht' existing eonnc'ction. 

]5y pressing a key, which is associated with each testing jack, the testing ollicer can release 
the cut-off relay on a subscriber's })reselect()r, and can then energis(' the subscriber's line 
relay in order to test the apparatus for making ai\ outward call. 

The citeuits are numbered in the order of o])eration, and are as follows :— 

^All the relay contacts and the switeh arms are shown in their normal or resting position. 

1. When the test cltTk in.serts a plug in the dialling jack the relay H' is energi.s(‘d over 
the looji. 

2. R('lay R2, slow to de-energise, is energised, and connects u]> t he A and B wires to the 
wipers, and atso prepai'cs the testing circuit over the (' wijier of the eonnector. 

'I’hc circuit is now ready to reeeive im|)ulses. 

The test clerk dials the tens digit of the re([uin'd number, and as the dial returns to 
normal the circuit of the relay It' is interrupted a number of times corresponding to the 
number dialled. ' 

3. .At the (irst interruption relay R' <.le-energi,ses, and relay R3 is encrgis<-d. Relay R2 
being .slow-acting is not released. 

At the end of the tirst impulse the relay R' is again energised, and relay R3, being also 
slow-acting, holds its armature during the series of impulses. 

4. I'he lifting magnet M4 receives an imjmlsc, and the shaft, is lifted one step, and con¬ 
tact K' closes. At the conclusion of the series the relay R' remains energised, and, since 
circuit 3 is open, the. relay R3 is released. 

5. Relay 11.5 is eniTgi.scil. 

0. (.’ontaet ti (doses a holding circuit for relay R5, which is now independent of relay R3. 

7. (iireuit 4 is o])en at 4', magnet M4 is disconnected, and magiu't M7 joined up in its 
place. 

The test clerk now dials the units digit of the wanted number. 

At the first interruption relay R3 is again energised over circuit 3. Contacts in th(! 
A and B wires arc opened to guard against interference on engaged lines whilst the w'iper.s 
art' being rotated. A contact on the (' wire is also ojiened, to guard against intt'rfenmcc on 
the lead. 

The impulse's are directed to the rotary magnet by t he opening and ('losing of circuit 7. 

At the end of the series of impulses circuit 3 is o))en. relay R3 dc-energises, and ojeens 
the circuits 4 and 7 of the motor magnets. 

8. The A and B wires are now joined through to the wanted subscriber. 

9. Tf the. wanted line is free, a. circuit is coni])lel('d through the ept off relay of the 

preselector to earth. • , 

The line can now be tested over the A and H wires, which form a glean metallic circuit, 
from the testii^ jack to the sub.scribee's instrument. 
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l<t. Tlu' siilisorilKT s ful-off i-olay ICi. Fiji. "2. is slimilcd 1i_\'dad olims r«si.«tan(‘c, bnt i.s 
not thcn'l)y ])r('vonti'(l from Ix'inji o]KTiitc(ljt 

Pile arriirifiemont of rosislaiicos, l.”>. od and 4(M( olnns. is so cliose'n that tfio point to which 
tlic (' wi](ci' is conncctc<l is ii]ijii'o\iniatcly at the same ])o1cntial as tlu'.C wire in an (‘ngagcfl 
connection. 'Plic latter is. thcrcfoic. tiol interfered with if the feslinji connector is set on 
■ 1 , Inisy liiu'. 

If th(‘ test clerk wishes to test a snhseriher s exehanjie apparatus, he sets tin* connector 
on tlie suhserilier s line and jire.sses the key associated with the jack of tlie test connector 
in n.se. 'I'he relay li.'t on the snhseriher's pre.seleetor is thereliy releasee!. 'Plie test clerk 
can no«. h\- hriiljiinji the A and 15 wires, cause t he suhseriher's line relay to o]»erate. t'on- 
neetion is thus set u]) ovt'r a first and seeonil preselector, witli a tree first sc'h'ctor, and the 
test <'lerk can. hv sendinji ini])ulses over the A and 15 wires, cause a eoniu'ction to he set up 
with any line in flic e.xehanjie. 

Release of the Testinjl (ionnector. When the pinji is witiulrawn. the relay P' is 
released. 

t'ireuit :5 is eouipleted and relay I!I5 inouientarily enerjrised. 

(‘in'uit d o\cr the (' lead is opened, and the lelay I’d on the tirst ])r<>seleetor is de- 
elU'i'jiisi'd. 

(‘ireuit 2 heinji ojien relay l!2 d<‘-enerfiises. ojaais eireiiit d, and relay ltd then ile- 
enerjlises. 

The A an<l 15 wire l■(altaets S' are open to pi<'vent interl'erenee with enj:ajie<l lines, 
whilst th<‘ eoinieetoj' is n'turninjt to normal. 

Contacts tt' and Id' are o])en to cut olT the resistajiees torniinj; the equijaitential eireuit. 
'Phev also diseonneef the C wiper from hattery. 

(“ireuit of the release majinet !\Ill. 

('ireuit .■> is opened, and relay 155 de-enerjiises. 

The eonneetor returns to its normal position, in which the eireuit of the release majinet 
is open at K' contact. 

.•\1I the rela\ eimtaefs an- now in their noinial or restinj! jiosition. 


Section 37 

PRIVATE BRANCH EXCHANGE TESTING CONNECTOR (Fig. 84) 

One IM5..\. testinj; e<mneetor is lilted for <-aeh jiroup of Id TM5.\. lines in the exchange. 
Pln-se eonneetors are wired to testing jacks fitted on the test clerk s desk. 

Associated with eaeh testing jack is a dialling jack, on which the lines from the impulse 
relay of the testing eonneetor tiTiuinate, 'Phe setting nji of tin- eonneetor is thus fpiite 
independi-nt of tlie testing leads 

'Phe P.I5..\. testing eonneetor is a standard P.15.\. eonneetor meehauisin. hut the 
eireuits are arranged to give a clean metallic eireuit over the .-\ and 15 wires for te.sting 
purjioses. 
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The round of the disfriminiitor M'ijx-rs ix ciJtiroly under the eoidiol of tin' 

test clerk's dial. 'I'ile diseriniinator has 25 eonj(.acts, and tlie lint' desired may la* heyond 
the ran/;e of one set of imjnilses. n’he test clerk is, however, able to sn])|)leinent the .serii-s 
until the wipers have been stepped round to the re(|uired contact. 

A record of tbe (»rder it* whicli tbe various lines of any I’.B.X. are arran<>('d on tbe 
discriminators will be kept by tbe test clerk, who is thus able to test any particular line, or 
to make conse(;ntive tests, without releasiiif; the connection of all the lines on any dis¬ 
criminator. The circuit arrancements are such that the P.H.X. connector can be 'ct <ai an 
engaged snbscrilKjr's line without interfering with the e.xisting connection. 
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.Associated with each testing jack is a key. by depressing wtiicJi the test ch-rk can test 
the o])eration of a sul)serib(‘r‘s culling apparatus. 

The circuits are numbered in the' order of operation and are as follows ; - 

51. W'ben the test clerk inserts the ])lug into a dialling jack, the relay 1151 is energi.sed 
over the looj), 

52, Kelav K52 is energi.sc<l, 

5:1, A anil H wires through to wipers, 

54, 'Pest circuit over the (' wijier of the discriminator prepared. 'J'he ciicuit is now 
ready to receive imjaikses. _ ' 

'J'he test clerk dials the units digit of the leipiired nundier. and, as the dial retuAis to 

normal, the circuit is iuterrnjited a number of times corresponding to the number dialled.. 

• • 
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55. At (lie first interruption, relay R51 de-energises, and relay 1155 is energised. Relay 
K55 is slow (o ndease, and remains energised during the impulses. At the end of the first 
interniption the relay R51 is again energised. 

5(i. Cireuit of the digit switch driving magnet M50. The wipers 2, 3 and 4 of the digit 
switch move from their normal to their o(T-normal jiositions. ' 

'J’hi- remainder of the impulses in the series are directed to the driving magnet M56 of 
the digit switch by circuit 5(i. 

At the conclusion of the first set of impulses relay R5I is held energised, and, since 
circniit 55 is ojien. relay R55 de-energises. ’ 

Contact 5(i' ojiens the circuit 5() of the digit switch driving magnet M50. 

57. Relay R57 is energised, through wificr 3 of the digit switch, off-normal contact and 
earth. 

5S. Holding cireuit for relay 1157, whiidi is now indc'pendent of contact 57'. 

'Fhc test clerk now dials the impulses for setting the discriminator on (he contacts of 
the wanted line. 

5!». The discriminator driving-magnet circuit is completed through wiper 2 of the digit 
switch, off-normal contact, and driving inagiud of discriminator 1. or 11. Relay R55 is held 
energised. 

Contacts 53' are open and jm'sent interference on engaged lines during the rotation of 
the discriminator wipers. 

Contact 54' oiwns and cuts battery olt the C wiper of the discriminator, to prevent 
interference with the test k'ads of engaged lines. 

If necessary, further impulses may be sent in order to set the discriminator on the 

wanted lin<>. 

At ( he cone.lusu)!! of each set of impulses, relay R5;) is relea.sed. 

(!(»ntact 5tl' opens the cireuit, of the discriminator driving magnet. 

('ontacts 53' close and cojinect the A and K wires from the testing jack to the wanted line. 

(Circuit 54 is completed, and, if the wanted line is idle, a circuit is (do.sed through the 
C wire to the cut-off relay of the subscriber's ])reseIector and earth, oirerating the cut-off 
relay as in an ordinary call. 

The subscriber’s cut-off relay is shunted by 450 ohms resi.stance, but is not thereby 
prevented from being operated. 

00. The arrangement of resistances. 15, 50 and 400 ohms, is such that the point to which 
the C wiper is connected is approximately at the same potential as the C wire in an engaged 
connection. The latter is, therefore, not int(>rfered with if the P.R.X. testing connector 
is set on a busy line. 

The line can now be tested over th(( A and B wires, which form a (dean metallic circuit 
from the fe.s(ing jack to the subscrilair's instrument. 

If the test clerk wishes to test a subscriber's c-xchange apparatus, he sets the connector 
on the subscriber’s line and j)res.ses the key associated with the jack of the P.B.X. testing 
connector in use. 

The cut-off relay (»n the subscriber's preselector is thereby released. The test clerk 
can how, by bridging the A and B wires, cause the subscriber's line relay to operate. Con- 
nectiejn is thus set up over a first and second pre,“c'leetor *with an idle first .selector, and the 
tester can, by .sending impulses over the A and B wires, cau.se' a connection to bo set up 
with any line in the exchange. 
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By sending a further'series of impulses the test clerk can again operate the discrimi¬ 
nator driving magnet and cause the P.B.X. testing connector to be set up on another line. 

Release of the P.B.X. Testing Connector. —When Hk' j>lug is withdrawn, rtJay 
R51 is released. After a short interval, relay H,')2 is also released us circuit .'>2 is open. 

When relay R.'jl de-energi.sed relay R55 was momentarily energised, ('ircuit 54 over 
the C wire is opened, and the cut-off relay on the subscriber's pri^selector is released. 

('ircuit 5.5 *is <tpen, and relay R55 de-energises. 

Relciy R52 opens the A and B wires to prevt'iit- interh^renee on engaged lines while 
the discriminator is returning to normal. 

Contact 54' opens the circuit of the resistances forming the ecpiipofential circuit, and 
at the same time disconnects the t.' wif)er from the battery. 

• 61. (Circuit of the di.scriiuinator driving magnet Moil. 

62. When the di.scriminator has returned to its normal })Osition, the driving magnet 
is (lisconiMictod, and the digit switch driving magnet 1V156 is joined up. 

The digit switch returns to its normal po.sition, in which the circuit through the driving 
magnet is broken. 

The circuit of relay B57 is opened at wiper 2 of the digit switch. 

All the relay contacts and switch wipers are now in t heir normal or resting position. 







MACHINE SWITCHING SYSTEMS 
•WITH CONTINUOUS DRIVE 

THE LORIMER, A CANADIAN SYSTEM 

was the first of this type. It is better known in connection with the 


WESTERN ELECTRIC COMPANY’S ROTARY 

SWITCH SYSTEM 


which uses a 200-line switch with 10 levels of 20 sets of line terminals and 
10 sets of wipers or brushes, one set bein;^ tripped into enj^agement when a line 

is called ; and 


WESTERN ELECTRIC COMPANY’S PANEL 

SYSTEM 

with 500-line switches, in which each bank has 100 sets of line terminals in 
the height and .'^0 sets in the width, so that 30 switches on each face can make 
connection. There is a set of wipers per switch per bank carried on a vertical 
shaft, and a set of wipers or brushes is tripped into engagement when a line is 

called. 

The W. E. Co.’s systems may be either decimal or non-decimal. 
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Section 38 

THE WESTERN ELECTRIC CO.’S SYS'l'EMS 

• 

There are two systems—the Jiuldri/ atid tlie Punvl. 

The. Rotary inarliiiie swilc/iiiiy xysictii, is well known, anil the Post Offiee have introilneeil 
it into several ex«hanffes in this eoiintry. 'Phe I'uiiel system has heeii litteil in a few exehaiifies 
in the Uniteil States, hut. is ])iaetieally unknown outside these, lint is now projiosed foi 
London. It is liki*ly, howevei'. to he more wiilely known .soon, as it is advocated as heing 
the. most suitahle system for \ cry la rge areas. 

The Rotary system is so named hi>eause the switches have rotary motion only. The 
switches have a eapacity for 200 lines. 

The Pa’ni’l system has vertical motion only, and the switches have a, ea|)aeity for .'iOO 
lincs^ 

The Rotary System. This system diU'ers \ery eonsiderahly from the Strowger 
systems previoii.sly eoiisidered. 

It has switches with doiihle the laqiaeity, viz... 200 lines, d’liese have rotary motion 
only, a set of hriishes heing provided for each le\el. 'I’lie hriislii's are noi nially out ol engage¬ 
ment with the terminals. On the final switch the tens digit trips a particular set of hrushes 
into (‘ugagement with the terminals. 

’I’he im[iiil.s(‘s sent out from the suhserihers' dials are rei'eiied hy register's, and aie then 
forwarded to the ri'speetive s\\ itidies at exactly the correct s|i('ed. 'I'liis is eonti'olled hy the 
distant switch, which sends hack to the register an impulse for each step it takes to cause 
the register to give up its iiiifiulses one hy one until zero is reached. This is know ii as miertive 
iminitsc emit rot. 

Traii.'ilalioii is reipiircd to allow the decimal system of impulsing to cause a set of hrushes 
to eonncct in cither the tirst or second hundreds group of the 2(i(l-line switch. 

The switches are meehanically driven hy light shafting which is continuously rotating, 
a disc on the shaft.ing heing hroiight into engagement with a disc on the switching electro¬ 
magnetic means, so as to rotate the switch hriish-earriage. and the like. 

Other dillereiices will he noted in descrihiiig the .system in detail, hut sufficient has boon 
disclosed to indicate that the system has many interesting and novel features. 

The Power Drive is the eharaeteristie mi'chanieal fi'ature of this system. 

The Elrrtro-imrliaiiisiii. .\ small motor drives the shafting, so that it is rotated con¬ 

tinuously. The latter may consist of a main horizontal shaft luii near the floor levi'l, from 
which runs a vertical shaft for each vertical row of switches (Pig. Ha). The eleetromagnetic 
clutch is a very simj)h> hut v(>ry efi'eetive device. 

Power thus taken from eontiiiuously running shafting allows of heavier and mechani¬ 
cally stronger switches heing used. There can he greater jiressiire Ix'tweeu the hrushes and 
the. contacts than on other systems. The switches can he moved at the most ellieient .speed. 
The eomiiaratively heavy hrush carriages are .set readily in motion, when they are driven 
with a smooth continuous motion, which eliminates all vihration and jarring. High speed 
may he given to all moving parts, this heing limited only l)v the aceuraex^ in stopping the 
brushes. ’ 

Reserve motors tire ])rovi<led which can he readily switched in when rcipiired. 'I'hese 

A/r.s. 
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can be operated, fi'imi the battery, .so that the exehanfie is ind<‘])endent of e.\ternnl jxnver, 
during a breakdown. Portions of flie shafting* may be stopped during periods of light 
traffic, and at night all shafting may l)e slopped. An automatie deviee starts uj) the shafting 
when a call is made. ,The power n'quired for the shafting is very small, a 2-H.P. motor 
being sufficient for a lO.OOU liife e.xehange. 

A general view of a .small inslallation is shown in Fig. 85. 

C’/wh7/, “ An iron dise is filled on the rotating shaft, anil an iron ring, mounled 
on a tiexible, diaphragm, is a.ssoeiatisl with the switch moving jiart so arraiiged Ihat, when 
current is passed through the power magnet a.ssociated with the switch, thi' latter ring or 
disc is deflected until it meets the rotating 
disc near the edge, when the deflected disc is 
caused to rotate at the same s|)eed as the 
shaft. 

In Pig. 8(1, 1)1 is a short shaft for a 
switcTi, held in bearings J)2, and coupled to 
the rotating vertical shaft by the bevel gear 
Dfl. The latter shaft rotates at a s])ei'd of 
:fl revolutions per minute. 

The disc 1)1 is fixed on f Ik' levolving shaft 
i)], and the second disc H5, placed ,it right 
angles, is fa.stened by a diaphi'agm to the 
shaft B. To rotate the earriage the fixed 
electro-magnet P(« is energi.sed, when the 
edge of J5.5 is pulled into contact with 1)4 so 
that they rotate together, and the brush 
I'arriage is carried round. 'I’o slo[» the hru.sh 
carriag<‘ the eireuit of magnet P(i is opened. 

'I’o prevent th(‘ inertia of tiu'carriage carrying 
the brush t»<‘yond the terminals, the magnet HfJ is energi.sed immediately the power circuit 
is ojiened. 

To tlie left of the brushe.s is shown the trip spindle, whose use will he cxjilained later. 
This is rotated and stopped in a manner siunewhat similar to the brush carriage. Tito disc, 
with diaphragm 1)8, is attached to the rotating shaft 1)1, and a .second di.se Cti is attacheil 
to the vertical spindle. When the magnet P2(f is energised, 1)8 is attracted, and the spindle 
is rotated. No holding magnet is necessary to stop the shaft instantly. 

This form of drive is very simple, the j)arts are subject to little wear, a,ml that Is .self- 
adjusted. The dutch and relea.se are almost instantaneous, and thus suitable for fast 
selectiw operations. 'Phe power needed for closing firm contacts is readily transmitted 
without slipfting. 



Kiii. Sii. |{oT.\ltY .Sysiiom I’owiiH Daivi:. 
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Section 39 

'I'lIK APPARATUS 

The Line Switch (Fi.. S7).- A ,.lun.liiy of j;* ts'ennSt 

menls, have tl.<' eerrespoiKh.i^ l.anU ^ t,,,"finals for eaelt level of 20 lines. 

00 sul.serihers- lines in rows nt 20. th(>ie F ,,.tatal.le shaft carries three .set- 

-- . . . - - 



J.’ii.. .ST. 


ItuTX.n SXSTK.M ljNl.-l.-.NOKa SW1T.T1. 


. i. . 1 n’lw. lii.iislu's ar<‘ ass(>e.iat.e(l witli 

that each set engages with a ,,,. when a sul>seriher calls the 

tlK- trunks, a,.Kl the s«.teh is all the switches a,s.sociated with 

or:ito .iunt, ...,0.0 <.ne that first touches the calling Irne stops 

and luakes that line test busy to all t''*' j"’' arran-red a,s described for Fig. SO, so that 

It will be seen that the ‘.p,,,”,. is no latching device, and thereture 

when the magnet is energised, tin • „„it,ion, 1 he brushes remaining ni t he position 

,a, brush ..hooser. There is no 7--';;^;;;;;;;;,;’::;;,;';, i-eeeived. When t he brushes start to 
in which they were last engager. dilTerent positions in the are so that a very 

hunt, the bruslfes of the ])lura 1 y • • line. There is a t.oothed rack and a 

small amount of travel may ’’^' “‘^^hk.h makes contact vtith a tooth betwiam the line i^f 
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TIIK APr.VliATlS 


(III the hnishcK may comiect v\itli a register, <ir may eoimeet \vitli a teeonVl similar switch 
wliieli eonneets with a register. 

The Selector (Kig. SH), -This tigiire shows a ln-iish eliooser on the left, a bank of 

contacts w ith 10 sets^)f brushes on a sluift centrallj’, 



and a secincnec switch on tin' right. The brush 
carriage is shown in its normal pf)si/.ion. 

1’he switch consists of two main parts, the 
terminal arc oi- bank of contact terminals, and the 
frame carrying the operating jtarts. 

The (Kig. HO).—From tlie illustration it 

will be seen that there are 22 vertical strips or 
plates of terminals (a side view of a strip is shown in 
Fig. 00). Thi-re an' 30 terminals on each strij), 
moulded in a block of electrose. These strips are 
fixed to|) and boltoin into j)lates so that they are 
])laeed lik(' a number of books in a shelf. 'I’he final 
switch has onh 20 stri))s. Three terminals in the 
height of a sfri]) are used in connection with each 
line. The vertical strip therefore curries terminals 
for Itt lines, and the brushes sweef) ov'cr 22 or 20 
lines resp('ctively. 

'I'he frame to which the banks arc rigidly 
atfai-hed carries in its centre the brush (airriage, 
])ivoted top iind bottom. To the left is ])ivoted 
the .spindle of the brush chooser. To fherightisa 
rolItT which resets the brushes as they pass on their 
way in cotupleting a rotation to normal. Further to 
the right in a sej)arale frame is a .se([U<'nce switch 
which will be dealt with later. 

The Hriish ('mriiteje (mil llnishes (Fig. 01). 
There are 31) brushes on a eairiage, arratiged in It) 
sets <)f three. A single brush is showti at the 
bottom right hand side of the picture, and relatively 
in the positio)! it occupies in the main pictui'e. 'I'he 
30 comh-sjirings, shown to the left of the brushes, 
are sejiarately insulated fi'om, but secured to the 
I'otating siiindle. 'I’hey are arranged in sets of three, 
each set being associated with the two line wires 


I'lo. i)n. VKime\i.STinesoi. Ti:uMiso,-. and the test wire. The eori'esponding sidings of 

w ITU Itnino.x t’.oii.H (W. to. Co.'' lloTun (||(. .sets ai'e multipled together, and connected to 

S'isTKM). (]i,, ^.^miniulator rings shown at the tot) the 


shaft. Each cotpl) spring engaged with the left ])ro,iection on a brush. The brushes are 
threaded on a spindli', as shown at the near angle of the jiieture. 'I'he cotnb spring tends 
to force the upper and right end of the brush otilwards. as shown in the [irojeetion of the 
fourth set of brushes from tlu' top. 'Phey are. howj-ver, normally kept retracted by latch or 
trigger devices, one of which is .shown above (he single lirush. These also are thui’aded on a 
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spindle fitted U-liind the jfictia-e, ind on the extreme riglit, and are |>ressed against tiie 
ends of the brushes \yy other eoinli springs. When the carriage starts to rotat-e tlie line of 
brushes passt's the brush ehoosfa’, «liieh has had one jjartieular tootli set in position. It now 
engages with the trigger, eontnilling one .set of brushes .so that they are unlatelu'd, and 
then forced forward to make*eontaet with the terminals as the carriage moves. 

The sliuft also carries at the top a roller, mounted on a lever arm (shown at ('xtreme 
top and right), \\hieh engages the teeth on the toothed rack, shown forndng the top of the 
bank. Fig. Htl, for nieehanieal centring. 

A second lever aftn (to the left of the 
other) makes eontaet with the teeth of 
the toothed raek to send hack impulses, 
as wjll he described later. The latter 
does not touch tiie rack when standing 
betJ^’een two teeth. 

'The disc shown at the bottom of 
the shaft is part of tla* magnetic einteh. 

The j)art nearer the centre is thi' 
diaphragm, with an outer ring of iron 
to engage xvith the disc on the shafting. 

Thr Tinifili ('honscr (Tig. !t2 . see 
also Fig. SH).--'rhe s|)imlle has In 
projections, or teeth arranged sj)ir;dl\ 
round it. By different amounts of 
rotation a different projection will lie 
ill the path of the hrushes. to ]adl a 
latch away from the hrush end-, to 
allow a set to move forward. .\ power 
cam, shown above the maanetisalile 
disc, has li notelu’s, one foi' each 
jirojeetion and one for normal. A l oller 
eontaet s|)ring engages with it and is 
shown between the cam and the frame. 

77n' Ojxrdtion of a Groii/> SHrclor. 

This switch a.utomatiea.11}- eonneits a 
calling junction to an idle jiinetion in a 
group leading to another .switching 
stage. The trip spindle is moved under 
the (foiitrol of the register and. for each imimlse received, sends hack to the register one 
impulse until the latter reaelu's zero. If four impulses have been sent, the fourth tooth, 
is left in position to unlatch a brush. The power magnet of the carriage then comes into 
operation. As the brushes jia.ss the trip .spindle, that set corresponding to the tooth in the 
path is unlatchefl, .so that, the threi' brushes make eontaet with set after .set of terminals until 
an idle line is found, t^irrent is then out off the power magnet, but thH- brushes are not 
stopped until the earthing top arm’has ])ro|)erly centred the brushes on the ti'rmiuals. « The 
spindle magnet has ineantiim' been energised to rotate the tri]» spindle t hrough the remainder 
of the circle to -Ka’inal, when a deejier ilbtch in the jtower earn allows the pow(‘r circuit to be 


II 
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THE APPARATUS 


(ijiflU'd. \\'ln‘ii the l■()n)l<'(■ti<nl is released, jxwer is a})})lied to fhc earriage'iiiagiiet so that 
the hnislies are carried over tlie remainderthe terminal are. when the projecting brushes 
are forced hack to their normal |)osition as they pass over the roller. The carriage eontimies 
to rotate until normal is reached, when contact is made hy the tojit earthing arm with a 

hraeket piece ])laeed near tfie top of the trij) .s})iiidle. 


The Final Switch.- 'I’his is practically similar to 
the seh-etor. There is, however, a local contact, which 
is o|)erated hy the toothed rack, which sends hack ou(( 
impulse ha each one received fidiii the register until zero 
is r(‘ached ; each terminal passed operates the local 
contact, which operations are counted oil’ hy the 
rcfrister. This is necessary hecause a, preileternrined 
terminal must he reached to connect with a particadar 
suhscriher. When the desired numher of sti'ps have 
heen taken the I’egister cuts oil the power and the brush 
carriage comes to rest. A.- I'ach tinal switch connects 
with 200 lines, the terminals are arranged in 10 sets of 
three \ ('rtiea.||y. anil with 20 terminals in the arc. 

d’he advantages claimed for this construction are as 
follow s : 

The massive huild ensiirijs stahility of alignment of 
parts and thus avoids an\ change in the interaction of 
jiarts. 

-Vll wear is automaticall\ ailjusti'd so that neither 
ailjiisting springs, cams nor screws of any kind are. 
provided. 

'I'en sets of hrushes instead of one set him])lities the 
mechanism and avoids the sliding \ertical moving, which 
prevents exact alignment of the hrushes relatively to the 
terminal levels 

All ])arts are readily removable for repairs. 

The eom])lete revolution of the brushes simjilities 
eontiiiiious hunting for an idle line. 

The eommutator rings eliminate Hi'xihle cords. 

The siirtaces of the terminals are arranged vertically so that there is little surface on 
which dust can collect. 

'I’he use of bronze terminals with the long giain to the hrushes secures fn'edom from 
weal' and ensures a contact of low resistance. 

> .Ml eontacts are eipially cleaned, as the brushes make a complete revolution. All arc 
w orn eipially. 

The use of power driven jiarts ensures linn eontacts. 



I'lo. !I2. l!nriiiY Systkm 
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Sectioij 40 


W. E. CO.’S ROTARY SYSTEM. AUXILIARY SWU'CHES 

• * 

The Sequence Switch I Fig- •••l)- — scchicik’c s\\i1(h is mIsu sIionmi in Kij;. SS, (ittod 
.ilongsidc the seleetor switch with which il is to co-operale. Tlie switch is inoimted in a 
frame in which* the s}>indle is jnvoted. The frame carries a plate rm wliich tlie lever nr 
moving .springs and left and right contact s|)rings 
are fitted. The IPver s|)rings may make eoi\tacl 
with either the left or right sinings. or ma_\ 
oeeupy a central position free from either. 

'I'hetje movements are controlled by ebonite earns 
which are (hrearled on a vertical s])indle, and are 
rigivJly secured thereto so that they rotat(' witli 
it. The upper .separate <-ain on the right show.s 
how those arc cut w ith hollows and I’aised surfaces 
so that the level' spring may take u)) one or other 
of three positions in a, revolution of tl'.<‘ cam. 

Above these cams is a disc numbered from 1 to 
18 (the number of positions the spindle may lake 
up), and the drooping index linger indicates in 
what position the switch is in at an_\ moment. 

There are 18 cams in three sets of six. Below 
these is a power cam which controls a sjiring to 
open and close the jiowei' magnet local circuit. 

'I’his spring carries a roller, which rides over the 
surface of the ])ower cam. Such a cam is show n 
detached, to the right and bottom of the picture. 

Below this cam is the ])ower magnet with the 
magnetic clutch. The iron disc is above the coil, 
and the diajihragmeil ring, to be brought into 
engagement with Ibis, is fixed to the jiower s])indle. 

Ope tali on of the Sct/ia'iirr tStrilch .— 'I’be 
spindle stands normally in jiosition 1, in whicb 
the lever siirings mav be in any of the three 

positions indicated. When the circuits are to swrnw srm m 

be changed current is sent through the electro- 

magfiet, and the magnetic circuit thereby completed to I'otate the disc and spindle. 
When rotation commences, the power local circuit is closed and maintains the magnet, 
energised. The sjfindle will continue to move until the local circuit sjiring falls into 
a notch on the power cam, when the circuit will be ojiened to sto}) tlie switch. 
During this movement certain contacts have been ojiened and closed to bring about, a 
clitTerent combination of circuits and apparatus. This movement is vepeated when the 
magne.t is again energised, .so that the circuits are opened and closed in a jiredeteryiined 
scrpience. 

Particular features of the seipiencc'.switch are ;— 
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'I'lif contiicts arc very linn. I’ticlianf'inf' alignment is inaiiftaiiicd, 

Ko ciiri'ent is reiiiiircd to hold the eonfaets closed. 

A eoiitaet ma> he oi)eiied and closed repeatedly during a revolution, and therefore 
a relay. ff>r e.\auiplc, ma\ he eoinieeted in ditterent circuits. • 

The speed heing nniforin contacts of definite duration may he made. 

A contact may he closed hefore or after another, as i<a|uired. 

I5y undoing one screw a spindle may be readily replaced. 

The 7iuuibere<l disc and pointer indicate the 
jjosition of the spindle instantly, and this is most 



usiiful if anything goes wrong. 

I'he contacts are arranged verticalh', and arc 
of ])lalinum. 

The sequene<‘ .switch used in connection with 
the call-finder switches is very similar to that 
deserihed, the principal difference being that these 
lane 12 cams only, arranged in two sets of si.\. 

The Register (big. h4),— As will la- seen from 
the illustration, this I'csenihles very closely the 
.secpience .sw itch, d’lie principal dift'erence lies in the 
arrangcjin'iit of the cams and eontucts. It has 20 
positions, hut a cycle of, ojierations is performed in 
lo positions, or in one half revolution. 

The digit sent in by the subscriber is said to be 
registered when the spindK* tui'iis through a number 
of iiositions erpial to the number of imjmisc.s sent in. 
In the full ant<utiatie system this is usually comple ■ 
inentary to the «ligit. in w’hich lo stejis ai-e taken for 
digit 0, nine steps for digit I, and so on, so that the 
sjundle in moving forward to normal through the 
remaining }K)sitions will send otit a number of 
impulses ecpial to the digit of the directory 
number. 

The means emj)loyed by t he register for traO'- 
lating impulses is described in Section 42. 

The seleeting relay used in connection with 
the register is shown in I'ig. ttf). This is also used 


in other eii'cuits where its permanency of adjustment secures aramrate and rcl,iablc 


working. 

■ The register is the all important controlling feature hi the machine swifehing system. 
It receives the iiujiulscs sejit out by the dial, translates them, and sends them to the switches 
in the manner best suited for their eflicient o])cr*tion. It does not wait until the impidses 
of all the digits have been received, but may send them out ns soon as one set ha.s been 
received. It waitA until the switi-h at the other end of t^e selected tiunk is leady, and then 


ecnds'out the next .set and so on. If all trunks in a group are busy, it will wait while the 
switch continues to htmt. and when a line and switch are found, will then control. (lalls are 
thus delayetl only ami not lost. 'I'he register is thus very suitable for huhting,ovcr very 
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largo groups of trunk--. Tlio switches can he very lohustly hiiill. tlie_\ can la- o|i(‘ralod at 
their boat speed, and are independent ot tlie speed of the dial-'cndeis iis regards rapidity of 
impulses or intervals hetween digits. 


Section 41 

ASSEMBLY AND CABLING 

Fig. S5 shows the general arrangement of apparatus in ;( small installation, lo thelett 
are tho line, switches with their se(jueii<'e switches in a vertical jainel, then group selectors 
with their se(tuenee switelu's in an adjacent vertical ])ancl. then the limd switches with theii 
sequence switches, then auxiliary stapience switches ami registers. T'ig. !K> shows a fropt and 
back view of one hay or panel, strongly eonstrueted ol angle iron Listened top and bottom to 
castings .so as lo he very rigid. The-terminul plates, a}.peitaining to the same lines, aie 
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t}ui> armng(fd»VL'rtieally ®ne above tfao 
oilier, and are niidtipled together with 
a speeial ribbon enble. Tliis eable is 
shown more in deU'il in big. bO. The 
ealile eonsisi.s of .10 wires laid side by 
side, anil held together by weaving, so 
that the wires are insnlaled from eaeh 
oilier. 'Pile weaving, wliieh is done in a. 
loom, exjioses the wiri^ in sneh a. way 
that a diagonal line of liare patehes is 
aei'oss the ealilo at .set intervals. Itefore 
iieint; placed in position the cable.s _are 
lient on the line of the bare jiatehes. so 
I bat when the eable isjilaeeii against, ^he 
tei'iniiials as shown, the bare jiatehe.s 
eoineide with the terminals, and these 
by a sinijile soldering ]»roee.ss are eon • 
neeled together. Each soldered terminal 
remains clearly visibh'. and aece.ssible 
for maintenanee and repairs without 
disturbing the multiple The upper 
ends of the 'eable.s are eonneeted to 
soldering labs whicb are lilted in a rack 
at the lop of eaeh bay. These eonneot- 
ing racks are mnitipled aero.ss from bay 
to bay for tbe entire group. 

Owing to tbe low capacity between 
eonduelors. tlu' wires can be jilaeed 
side by side without twisting, without 
introducing eros.s talk. When eonneet- 
ing up a eonsiderahle number of 
maeliines. the wires of the eable can be 
eonneeted in 1ranspo,sed relationship by 
means of the connecting rack at the 
top which eliminates any cross talk. 
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Section 42 

• 

FUNDAMENTAL FEATURES OF THE WESTERN EI.ECTRIC CO.’S RO1 .\RY 

SYSTEM 

Translation.—A 2(K(-rmo swilcli wus aildpL'd as the slaiulai'd. In-causi' caia-tul study, 
involving tlic 4)alancing of thf doereasihg mnnltfr of switclios against inoi'casing cost per 
switcli, showed tliat this capacity was near the economical point, for the particular sohahor 
type, on the baSis of |)rescnt apparatais design, kuowleilgc. and ])ra.ctical manufacturing 
possibilities. 

It then followed that the impulses on the 10 by 10 basi?, sent out by the dial were no longer 
diryc'tly able to control the arm of a hnal liOO-line switch, and set the wi|)ers on t he line wanted 
Some piece of a])paratus is therefore necessary to convert the impulses sent in on a. decimal 
ba^is into a series of imjuilses on a basis corresponding t.o the grou|)iiig ot the terminals. I he 
reginkr performs this function among others. 

Principles underlying the Process of Translation. .V subscriber in sending a 
number produces, by his iinjudse si iuler, a. series of imiiuls«'s eorrespotiding to the digits ot 


5 


7m" 

117. 


Tu 

MS 

life 

117 


^sesa 

113 


211 

212 

215 

214 

215 

’Zlfe 

217 


213 

™o| 

121 

122 

123 

124 

125 

I2fe 

127 

128 

123 

120 

221 

822 

2251 

224 

225 

22fe 

227 

228 

229 

220 

131 

132 

133 

154 

135 

I5fe 

157 

138 

159 

150 

231 

252 

253 

234 

235 

25fe 

257 

258 

299 

25<^ 

141 

142 

lAs" 

144 

145 

14fe 

147 

148 

143 

140 

241 

242 

245 

244 

?45 

24fe 

247 

248 

249 

240 

ISI 

152 

155 

154 

155 

I5fe 

157 

158 

153 

ISO 

251 

252 

,f53 

234 

?55 

258 

257 

258 

?53 

2^ 

l«»l 

14.2 

Ib5 

144 

IC>S 

l€>& 

lt.7 

Ife8 

IC33 

IfeO 

2fel 


885 

2fe4 

2(>5 


2b7 

2b8 

2fe9 

2^ 

171 

172 

17.5 

174 

\7i 

I7fe 

177 

178 

179 

170 

271 

272 

275 

274 

275 

276 

27/ 

2/8 

273 

27d 

181 

182 

1»5 

184 

IBS 

I8fe 

»B7 

I8H 

183 

180 

281 

282 

285 

254 

28S 

28b 

287 

266 

289 

260 

131 

l»2 

155 

134 

135 

ISfe 

1*37 

158 

133 

130 

231 

292 

235 

294 

295 

29fe 

297 

298 

299 

290 

|_101 

102 

105 

104 

105 

lOfe 

107 

108 

103 

lOO 

£01 

202 

£03 

204 

203 


','07 

208 

203 

2001 
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the number wanted, 0 digit representing 10 impulses. There is another impuls(! scheme in 
which digit 0 is sent, by one impulse. 

When the re.gistiu- is described as sending out impulses to control switches, it is to be 
remembered (,hat this is not what, actually ha))pcns. 'Pile register smids out, impulses to the 
switch, which sends back impulses which arc measured off by the register on the reverse 
impulse etmlrol basis. 

Fig. 97 shows a method of numbering the banks of a 200-line linal switch, and Fig. 9H 
the wiring from the gronj) selector. It will be at once realised that direct decimal calling, 
as wn the Strowger .system, is not suitable for eonneeting in such a bank. different inethoil 
of directing the wipers must he adojited. Trniislnlioir is necessary. 

To avoid confusion, certain new terms have been adojited by the W. K. Co. The tram 
of impulses sent out last by a set of registers is known as the a place, those sent out imme¬ 
diately before the last the h plu.e(>, and tliosi", sent out just before these two the c, place, the.se 
corresponding to the units, tens, and hundreds in the decimal sy.stem. The. u place. invf>ulses 
direct the brush ot the final swit'ih. and are always (spial to the digit received in the units 
place, e.xeept that 10 additional impulses must be added when the hundreds are evmi, e.y., 
No. 19(> rerpiifcs si.\ impulses in thi‘ proper level, but 29(i reiiuires Hi im))ulses to carry the 
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l>ni.shc.s to ttiiit m»ii))or. J tic (.IctcriiiiiicK wticthcr the JiuirdrcdK digit,is odd or even, 

find if even, it niiist ^elld out Mt fiitditioiml injpuJses in the « pJaee. ' 

The (lain of iinpnlse> -.ent out in (he h jilaee is always erpial (o (he digit in the tens 
place of tlie nuinlier wanteil. Tliis hrusli-seleeting train trips tlv* hnisji associated with the 
correct level. If l!»(i is called, nine iininilses in the b jilace, woiild trip the ninth brush a.sso- 
eifited with the nintli level. 

J he train of inijnilses .stmt out in the r jilaee is made up in a sjieeiid way.„ f)n referring 
to L, J'ig. !>(■. it will he .seen (ha( (here are 10 levels of a group .switch on the left, the asso¬ 
ciated hrushes of which are to he directed hy the impulses of the r place'to one of the 10 
levels. These 10 levels are connected hy trunk witli 10 final .swilehes at the right, having 
terminals nuniln'red in the units and ti'iis jilaees. like 15. it is a.ssuined tluit the eajiacitv is 
2,1)00 lines (Nos. 1,000 to 2.000). 

1. The odd ninnhered levels have access to the odd iiumhered hundreds of'the same 
magnitiidf* wIkui the thousands are odd, To call 1.3!))), thret* imjinisi's (eipial to the hundiX'ds 
digit) are sent to the r jihiee. 



2. The odd iiumhered levels have also access to the ne.vt higher (e\en) hundreds. To 
call 1,400, three impulses (equal to the hundrcfls digit 4 I ;{. w hen the hundreds are, 
even) niu.st he sent in (he r jilace, 

3. The even numhen'd levels have access to the .same odd hundreds as those of the 
lirevious level, hut in the next evc'ii thousands. To call 2,300, tour inqiuLses (equal to the 
linndreds digit 3 i 1-4, as the thousands are even) must he sent in the r place. 

4. I'hese even niimhereil levels also have access to the ne.xt higher (even) hundreds in 

the .same thousands. To efill 2,400, four imjmlses (('([ual to ttu' hundreds digit 4 — 1 3, 

as the hundreds are even, and plus 1 ^ 4, as the thoiLsands are even) are sent in the c place. 

It follows from the above that the train of impulses sent out in the r place is alway.s 
e4ual to the digit in the hundreds yilaee in the nunilier called, e.xeept that one impulse is 
deducted whcji the hundreds are even, and one impulse added when the thousands are even. 

The train of imjnilses sent out in the <1 place is made up like that of the c place ; the 
]irinciple being to send imjnilses equal to the origimil thousands digit received, minus one if 
this he even, and plus one if the ten thousands digit reeeivad be even. 

Similarly the train of impulses sent out in the e place is made uji by taking the digit in 
the ten thousands place, and modifying it, as describe^, for the d place. 
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There are o,ther ways jwssible for uuinboring tiu' 2O0-liiie teniiinals of a final switch, aa 
also for connecting the levels in a group switch.. 

It has been found preferable at times to place, 0 at the Ix'ginning nf tin* digit series as 
on the compleincntarY basis, when for digit 0 t.lm dial sends 10 iinjuilses, and the register 
allows one impulse to be takwi out, and for digit 0 the dial semis out one impulse and the 
register allow's 10 to be taken out. 


Section 43 

REVERTIVE IMPULSE CONTROL 

This, also, is an essential feature of the system. Selection is pertormed by closing the 
line circuit at the .sending end, to cau.so the distant selecting brush to riwolve. and make con¬ 
tact with terminal afbr terminal. For each tf'rminal so made cotOatd. with an impulse is 
sent back to the. sender, to cause it to take one step towards normal. When normal is reached 
the line circuit is opene<l, and the selector brush carriage stops. If the sender had to take si.v 
.steps to reach normal the brush f)f the selec.tor would be on the sixth terminal. 

Fig. !t!( is a sim])lified dhigrammatic circuit. At the sending end A is a register .spindh*, 
driven by a magnet ItU, which attracts the sjiindle disc S2 to the ( ontinuously rotating shaft 
disc SI wlu'ii energised, to cause tlu' spindh' to rotate. 'I'he spindle arm Sit ctin lx* displaced 
from m)rmal any numlxr of steps up to ten. In th(! 0 jxtsition a circuit is completed for 
relay All. The ditierential relay D'R prevents the spindle taking moi’c than one stej) when 
moved. 

At the receiving end B is a selector, with brush (airriage, which carries a brush Bit, to 
make intennitteut contact with the earthed tooth rack At. 'I’he tc-eth ari' in the spaces 
between terminals, so that the brush Bit is earthed when the line brushes are bctwc'cn two 
sets of UTininals. 

The sender and leceiving a, 2 )j)ai'at.ns are connected by what is known as a, fundamental 
circuit, which always has at tlu‘ sender end a reday SH', the bacck contact of tlu' relay All and 
a spring F to close- l,he circuit when selection is to begin. At the other end is alw-ays a relay 
FLU. aud a, batl,c-ry. 

VVe will assume that the selector is to make contact with the sixth set of terminals, 'fhe 
arm Stl is sot to po.sitioa (5. 

J. When the- eonfsw-t F is closed the fundamental circuit is completed, and relays Sll' 
and FLU arc energi.sed, when .seh-ction begins. At the .same time two springs (not shown) 
close the differential circuits of relay D'R, the left, hand winding being clo.se.d before contact F.' 

2. 'Phe magmd P' is t-nt-rgistid ovc-r the front. cont.a(;t of I'LR, until the sixth set of ter¬ 

minals is reached. 'Flic brush carriage is thus rotated. 'Fhe brushes A'. B', U' make <-oiita(!t 
succes.sively with .sets of terminals in a level, while th(! brush B14 is earthed successively in 
the ,sj)aoes between terminals. . ^ 

3. Before the lino brushes reaidi the first .set of terminals B14 touches an eartheil tooth, 
and short circuits the relay SR', so that.it de-energises. 
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4. 5. The tua,}rnet ItU i» eiKTgised over eoiitiu-t J), one winding of 1)'1{ and bnek eontaet 
of HR'. A eireuit Ls’nlso completed over the sewond winding of .D'll. The currents in the 
two windings neutralise each other so that the relay is not energised. 'I’he spindle Ls .set in 
motion and, as Hit moves from ))osition (J to .'>, eontaet I is opened and l)'l* energises. The 
circuit of magnet RL) is opeiaM and the sj)indle stoj)s, with S:! centred in jiosition 5. Con¬ 
tact b is then again clo.sed. 

When the line brushes leaeli the first set of terminals. Ill t is .again iiisidated, and SIC 
again energised, (lireuits 1 and o are oj)ened and f)'R de-energis<'s. I'.etween the lirst and 
second s<ds of ternfinals brush Bi t is again earthed, so that SIC de energises, the magnet BC 
is energised, h eontaet is opened and l)'J! is energi.sed over one winding, S3 is rotaie<l to 
eonUiet 4, and the b l•onta(!t is again closed, 'riins the s]»iMdle sfejis until the n termiiial is 
reached. 

(). Relay AR energises ovei' terminal 0, SH and earth. 'I’he timdamental eireuit 1 is 
opened and SR' de-energises, to begin the sto]>ping of the brush carriage. 

7. Relay KijR remains energised over B14 and Al. until the brushes are centred on the 
terminals, when Bit will be insulated. I'ldl then de-energises to oi)en i-ireuit 2. when the 
power magnet P' de-imergises to stop the brush carriage. 

'I'he line brushes are now on the sixth set of terminals, the register is on U and (he fimda- 
nnmtal circuit open. 

'riie advantages claimed for reverse impulse taintrol are : — 

'I’lie eireuit is metallic wit bout cart h ;it the sending end, 

'I'he sender <loes not, taU. its next stej) until tlx- brush takes its ne.xt ste]>, so that, if the 
brush is slow . tlx- seixler w ill wait. 

Tlx- impulses that ])erfoitn the selecting are sent back by the switch towarris (he sender. 
Xo step, therefore, can be lost, dix- (,o the seixlei' mechanism being light while the brush 
carriage is heavy. Firm eontaets are made. 

The brush ea.rriage is not stopped until it has r('aehe(l the ti-rminals wanted, even 
though tlx- light controlling mechanism has opened the fundamental l ireuit. 

It permits the. apjilieation of jxnver drive in a simjile etfeetive mannei- to move the rela¬ 
tively heavy brush carriage. 


Section 44 

T^TICAI. EXPI..\.\.\T0RY r.IRClII’l’.S. A LINK KINDER CONNECTING WITH 
A CALLING LINK (Fig. lOOi 

'The eireuits, in (he order of ojieration, are as follows : 

1. Receiver lifted to call, relay LR energi.sed. 

2. Ri'lav CR energises and starts a grouj) of call finders hunting 
;t. Relay GLR energised. 

4. Clutch magnet PK eneigises to rotate brushes. • 

.'). Brush Hb^irst touches toothed rack H.') to short eireuit (.iT2R. over spring N. 
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The function of this ftrush is to centre the brushes fairly on the (xmtaots, and this is 
attained wlien H6 is not making eont.'ict with the rack. l)nt standing midway between the 
teeth, when the short-circuit on GT21t is removed. 

The non-calling lines test terminals are normally earthed through (>on ohms, and the 
brush D1 is also earthed thrt)ugh the 800-ohm winding of (ITlR : the test terminal of the 
calling line, however, has l)een eonnccted to battery, through CK and 200 olmis resistance 
(shunted by (i(K» ohms), so that the voltage is al)out HO. 

(i. As the brushcfs of a ])lurality of finders are rotated, one will make contact first with the 
test terminal of the c,ailing line, when a circuit, will be eomplefed through the test f.erminal 0 
and the brush 1)1. 

7. (n’lR ('iiergi.ses and eom|)lcfes a parallel eireuit. of low resistance, through (JT2li. 

.Any other tinder brush Dl touching the calling line test lermiual will tail to eiua-gise its 
tlTlH. relay owing to circuit. 7. 

, 8. GT2R energising opens eireuit 4 to de-energise I’F. u.nd eom])le(i's a eireuit for (he 
holding magnet HK, so that the brushes are stopped instantly. 

9. Sequence switch R2 is energised over front <'ontacts (4 ()T2I> and (IbH. to cau.se it 
to stc]) to another ])osition, to build up t hi‘ next combination of circuits. 

to. Till' se(iuencc switch R2 steps from position 1 to H. by a local l ireuit over s|)ring ,\. 
This switch may take one step bcs^aiise of a circuit compleb'd outside (he switch, or be startt'd 
by su(;h. and continue to rotate a predetermined distance by the cinmif ovit tiu' spring A. 
until stopped by a spring dropping into a. notch on a cam star whei‘1. 

11. In the tliird position of the se(iuence sw'iteh a circuit is completed for the relay ('(>R 
over terminal (!. bj-ush ('' and s])ring II. In this is relay RRl whi( h energises. Relay COR 
energising cuts oti relay LR. and eireuit 2 is opened to de-energise (!|1. ,so that <jther tiixh'r 
switches stop hunting. 

12. The loo]) 1 is extimded to the next stage, as indicated by repeater and relay SIR. 


Section 45 

CALLING LINK CONNECl’KI) TO AN IDLE REGISTER (Eig. 101) 

.\ plurality of ])re.seleetor eireuits has aeet’ss to any one of six regi.sters. A sc(picnee 
switch R3 is associated with each such cireint for testing ])urposes, and begins to rotate 
wlxMi a tinder switch connects with a calling line. 

The circuits in the oi'der of ojim-ation are as follows : - 

1. A line has been extended, as previously described (Fig. lOO). and sequence switch 
R2 ene.rgisc's. and in position H closes eontaef F. 

2. Sequence switch RH thim energi.ses over contact F and iiack contaid. of relay GT2R. 

Whilst spindle of R.H rotates it te,st.s the six registers by sueee.ssively closing the si.x cout.xcts 
of C, D, E. and repeatedly the eonta.et B. * 

An idle register has its springs t aiul S clo.sed. Only one register. No. I, is shown? and 
with open contacts. Assume tlie contacts closed. * 

3. Reljiy G7IR energises over eoiitaets 8, K. E, L. relay GTIR and B contact. 
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4. Circuit •:! is cxtendf'tl l)y parallel cireuit 4, and relay GT21t energises, t'ircuil 2 is 
opened and R3 dc-energisos. I’he rt'gister is nmintained connected to tluuuilliug line. The 
register is made busy by the low resistance of (ITllt and <lT2li, in parallel with the 800-ohnj 
winding of CTlH. . 

5. The impulses from the subscriber's dial are rw-eived on the selecting relay SR of 
register, which is now eonneeled over contact (j! to the calling line. 

0. Se((uenee switch R2. now having done its work, is driven to jiosition .'i over a circuit 
completed by the front contact of relay (}T2R. 

A tone te.st •ft: is connected when ri'lay SR energises to advise the calling subscriber 
that, impulses can now be* sent. This feature is also useful on extension line working, as 
it indicates to the extension that th<‘ switch at main ” has been set. 

.It is interesting to nob' thatr relays (IT 11! and (iT2R have completed circuits for two 
functions, thus proving t he utility of so<|uence swib hes. 

t Relay RR' enables a caller to clear promptiv at any stage of a connection. On a 
recall a difl'erent tinder and legister will be ])ieked u|i. 


Section 46 

THE SliBSORIBER DIAI.S THE NUMBER OF THE DESIRED LINE (Fig. 102) 

The impulses are given out on a complementary basis, for (I digit 10 impulses, for 
1 digit 9 impulses, for 2 digit H impulses, and so on, so that the register taking in the former 
impulses will, by completing its ma.\imum travel, which is 10 sb'.ps, seiiil out the ditlerence 
between the numbi'r of impulses received and It). The impulses are sc])arated by very short 
interruptions of the line circuit. The hrst impulse is due to the closing of the line when 
the receiver is lifted. The long linal impulse allows for the ehanging over from one 
register to another. In a, tour-digit exchange there are hair registers one for each digit or 
train of impulses. 

The eireuits, ill t he order of operation, are as follows : - 

1. Relay RS r('s|)onds when the receiver is lifted (circuit (i of Fig. Itil). Se()ueuee 
switch R4 moves to position 2, to connect the magnet RtflOOO, over s])riiig I. to the receiving 
circuit. 

Relay ,MR is slow t,o energise, and energises only when nday KR has de-energised for 
a ])rt;determined length of time. 

The closing of the line circuit, also causes the register spindle to be moved one step 
forward by means of the ilitlcrontial relay DR. 

Ill position 2 of R4 contact N cl<).scs to energise relay MR'. A cireuit for the differential 
relay DR is then completed, over the front contact of SR. , 

2. (jver RtlinOO magnet, closed contact fj, contact 2 of 1, back contact of DR, windings 
and butterx'. 

.‘t. ()ver contact N, winding MR', back contact of MR. 

4. Over fr mt contact of 8R, fronb contact of MR', winding I>R and batterv. 
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The curreijts in cireiiUs 2 and 4 neutralise eaeli otlier in the windings of relay Dll, so 
that it does not enhrgise. K(!10(M» is energisetl in cirenit 2. and in moving to position 1 
opens contaet b and, thereby, eirenit 2. The current in eirenit 4 then energises DR. which 
also opens the circuit^ 2' at^the hack eonfaet. Relay DR therefore jnevmds RtJlOOO from 
taking more than one step.* 

The register Kfflnon now takes an additional step, tor each make atti-r a slaat break, 
over the calling line. Each break de energises relay Sit. which opens its front contact and 
allows the differential relay DR lo de-energise and circnits 2 and 4 to be re-e.stablished. 
For each iin]mls(!», therefore, Rtfinnn energisi's. opens the eirenit to DR. which again ener¬ 
gises, and is again de-energised. 

.a. During the long llnal break of a digit's imjmlses. relay ,Mlt energises over back 
contact of iSR and contact M. 

Relay’ MR completes a cirenit for se(|nenee .s\Mt<h Rt. winch moves to position o. 
cuts olf ROKIOO and substitutes Rtlino over ni)per c(aitaet 1. 'I’be hnndrc(|s mijmlses are 
now sent in the same manner as the thousands When relay MR energises .-igaiii after 
the last impulse of the second digit, R4 moves to jiosition S. when RlllOO is disconnected 
and replaced by Rtlin, over spring .1 in its lower position. I'be units spindle replaces 
Rtilti in the same way over .f in its ujijier ])osition. 

As each train of imimlses is received, .se([uence switch R,4 in going into its ne,\t positi<m 
coinjiletes a jiower cirenit' (not shown) for another sccpiencc switch R.'). belonging lo the 
same register, which controls the sending out. of impulses in trains (see Kig. ln:t). 

Should the caller clear ]ircmatnrely, relay SR will de (Miergisc. rekty .MR encrgi.se, 
and .sequence switch R4 will jiass through all its ])ositions to normal and break down the 
connei'tion. 


Section 47 

BRUSH SPINUI.IC OF GROUP SWI fCH GON'l ROLl.ED BY RKGI.STER (Fig. 103) 

The tri]) sliindle of a group switch is advanced a delinitc number ol steps (Ui the reverse 
impulse nudhod. It must be moveil thrmigh a delinitc angle until (Uie of its ten teeth pro- 
ji‘ct'S into position to release tlu' projx'r sr't ol brnshes Such brushes, ulum rotatisl. lind 
an idle line to a linal switch. 

1’he circuits in the order of operation arc as follows : 

• I. Relay GLR miergises over eontact F(> of register, winding SR', winding GLR. and 
battr-ry. 

2. Sc([uence swil< h R2 energises to move contacts from position to (i. o\cr eontacl 
5R and front contact (tl.R. 

.3. Tri]) magnet ('iiergises to rotate spindle over magnet R2U. contait .Mb, and front 
eontact of GLR. 'I'he motion is continuous, but the si)indic is said to shji. 

4. Relav SR' is shunted by a circuit over contact bS. 1N'T2 and earth, and SR' de¬ 
energises. • _ , 

Each timi;SR' d(' energises it stejiji the regis'ter spindle one stc]) towards normal 
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r>. When formal is redohecl relay AK energiKe«, opens tin- fuiulameiila) einnhl I, and 
GLR. (le-onergises. Mlircuit 3 is o])eiie(l. P2(.l de,-enorgises and stops tlie, spindle rotating. 

•i. Sctpicac.e switch K2 is energised over eontaet fiC. hack eonlaet of (ILIt, and the 
seiinenee switch is moved t(< pf)sition 7. 

J he tri)) spindle has tak(«i as many ste])s. say .7. as are in the register, aiul a tooth now 
projects, which releases the tilth set of hrnshes. These are then caused to swec'p over the 
fifth level of teiyninals to find an idle trunk to ti. fimil switch of the (ifth irrotip. 


Section 48 

REGISTKR CONTROLS THE lUHI.OING HP OF THE DESIRED CONNEC LION (Fig. 104) 

As desi-ribed in Fig. 102, the registers weiv set forward a distance eorresponding t.o the 
values of the digits of the iiumher called. 'I'hese s:ime spindles no« translat-e the uumher, 
and then direct attd control the selectors that estahhsli the eonneetion Impulses iiic sent 
out as soon iis each set is I'eeeived. 

As till' .sj)indles rotate in one direction oidy the nuiuhei' of sti'ps reiiiured to I'e.ieh the 
normal position is the eompe tnent of the numlier of impulses .sent m. the sphidle having ten 
positions. 'Lherefore the neeil for the dial to send out impulses that, alien translated, will 
ea.ll the numlier wanted The impulse .scheme may he shown in tahula.r form ■ 

Digit . . 0 I 2 2 t .7 0 7 S !) 

Impulses sent hy di.il .10 0 s 7 i; 5 I .7 2 1 

Spindle to normal steps . . o I 2 .’! I .7 o 7 s !» 

Imjnilse out ol I'elav ,\1! 1 I I I I I I I I I 

Inijmlses out of s|>indle and .\1! . I 2 2 t .> 0 7 .S 0 10 

Till- hotlom row of ligures are the impulses reipnreil. each henig one greater than the 
digit wanted. 

In a sy.st.e.m tor 2,000 lines, the 1,000's register spiinlle is not rec[uired in sending, t.hero 
being onlv three .sets of impulses, those in t he c, h and ii place, eontrolled by the Ion's, lo s and 
units register spindle. 'I'he 1.000 s spindle is only reiiuired for t raiishil mg I he iin|)iil.ses in the . 
<; place. 

The electrical operations are as follows . - 

'I'he loo's register spindle is eoimeeted to the fundamental circuit, when the sequence^ 
.switch Ro IS moved to position 0. 'I'he necessary inipiilse is sent by sequence switch R4 
(Fig. 102). after di.sconnccting the lOo s sjiindle from t he caller's .sender eireiiit. 

I'he trip spindle of the group switch bi'giiis to rotate (Fig. 102) as .soon a.s the liiiida- 
mcntal circuit is closed at spring F in position 0. , 

'I’o perform .selection the lOO's s|)indle must, be set forward one step for each,step 
taken by the triji spindle, as follows . - , 

1. The .si'quvuee switch R.5 in going to jiosition 0 closes spring R in position 2 Rattery 
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is then connect«il to l)lH,»\v1iieh energises and opens tlie eire\ii( to tlie SS It.*) at its haek 
eontact. * • 

2. When the funrlainental eireuit is eoinj)leted. through relay .SK' to tin- distant switch, 
SB' energises and opeps e.irwiit' 1, so that DlK de-energises and again eonijiletes its hack 
ef)ntact. • 

.3. Before the trip spindle completes the lirst or any other ste]) it, earths the fundamental 
circuit at INT2,«and short circuits SR', so that it de-('nergises. 

4. Each rele.ase of SR' completes eireuits througli the two v\indings of the dilTerential 
relay DIB. the rij;ht hand winding heii>g thrf)Ugh the hack eontact Oti, springs r and h to 
magnet RtllOO, and battery ; Rtl 1<K) is eiuTgised. 

'Pile spindle Mill take only one sl<'p, heeausi' a seeiaid cam on the ion's spindle, momen¬ 
tarily opens contact h as each ste]) is taken, to ojien circuit 4. 1)1 R now energi.ses. as current 

is through the left hand Minding only. < Circuit 4 is open to magnet R< ■ loo. 

,.5. A power cam and s|)riug <i are ])rovided, whieh eonijiletes a local circuit for ROlOO, 
M'hich is not ojietied until the step is eomph'ted. 

As the trip spindle completes the step, relay SB' is again energised to ojien it.- back 
eontact. when DIR de-energises and re-establishes the dilTerential eireuits. 

Similar action oeeurs for each ailditional .step taken, until the lOO's spimlle i- returni'd 
to nonnal, whei] a third cam ojierates sjiring c. '^Phi- permanently ojicns circuit 4 to RtJ JOO. 

'Phe tri]) sjiindle takes anotluT step, and SR' is again de-energised. 

(). Relay .-XR encrgisi-s over contacts 0(1. oc of R(>'I000, oe, of Rti'IOO. 00. back contact 
and 14 ohms of relay DlR.‘ back eontmd of SR' to earth. 'Phi- finidamer’ilal eiieiiit 2 is 
opened. 'Phis last is t he e.\tra impulse taken out of relay .-\R ri feri-ed to above. 

I’ranslation requires that the series in the r place be decreased b\ one if the hnndieds 
digit b(' odd. and a.ngin(“nl.ed by one if the thousands digit Ix' odd. An mijmlse is dedueb’d 
by simjily advaia^ing the s|)indle one stej). before it is eonnceti'il to the fundamental eireuit. 

7. On the hundreds sjiindle there is a fourth earn, having a. notch in every second posi 
tion, and a spring c uhieh closes its contact, in f hi‘se odd positions, being those required when 
an odd hundreds digit is M'anted. 'Phis ooiitacl in closing prepares a eireuit to ISO I no. over 
the springs M and N, m Inch are closed momentarily in position .*), as t he sequence -m itch R.'i 
pa.sses from 1 to (i. RtllOO is energi.sed and takes one step, .so that there is non one sle|) 
less in the spindle to be taken imt oxer the fundamental eireuit mIicii the hundreds were 
odd. 

H. An impulse is added by taking an e.xtra. impulse out of the thousand- spindle. If 
digit I is sent from the dial (for 1.000), I'.e., it impulses to line, the thousands sjiindle i- moved 
to jiosition !). When spring r ot the hnndreils sjiindle cuts olT RtllOO after the .-jiindle is • 
returned to normal, it sM'itcbes into circuit magnet Rt! 1000 over its sjiring c. 'Phe .'electing 
rclay*RR' taking an iinjiulse out of RtllOOO, ojierates an additional time, whii h return- the 
tluni-sands sjiindle to nonnal, and connects conductor circuits to the ‘•lit olT relay-\R over, 
circuit (i. 'Phe relay iSB', ojierated for the last time, takes the (extra impulse out of 
relay AR. which energises and ojiens the fundamental circuit. 'Phere i- thus added an 
impulse to the .serie.s in the r jdace m hen the thousands are odd. and only then. 

If the eajiaeify is over 2.000 lines, the thousand- sjiindle i- confrolled b\ a relay (not 
shown), so that, when the thousands arc odd. the sjiindle will only go to the ninth jioaition 
when controlling the impulsi's in the i/ jilaee. 'Phe i-emaining -leji is taken as de.scribed above 
by adding an impulse to the c jilaee -eric,*. 
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Tlic sc(|iuMi( 0 swilcli li.'), being in parallel with the relay AR* is also opeuated, and moves 
its s|)indle to position S. > 

to. 'I’he tens spindle is eonneeted to tlie selecting c.irenit. over the contact. P8, and ia 
ready to irica.surc the itiipniscs lor the h ])lacc. 'I'lic fundaincatal cii'ciiit is also leelosed at 
spring K in position 8. • 

In the nicantinic. the Innsh carriage of the group switch has found terminals of an idle 
junction, and cxtcnilcd tlu' circuit to a linal switch, whose liriish chooser iscjilaced in circuit 
rclatioiisluji with the limdaiiiciiial circuit. 

If tli(‘ lirush carriage is slow in tinding an idle jiiiictioii the tens spindlf-. eonneeted to tlio 
fundamental circuit, is prcvcntc'd from taking a stc]> liy the relay DIR. Avhieh remains 
energised over the hack contact of relay SR', and kci'ps the circuit ojien tow'ards the magnet 
(ill to. until the relay SI!' o])cratcs with the I’losiiig of the fiiiidaniciital circuit at tlie distant 
sw itch. 

The tri]i spindle of the final switeli rcvol'c^ when the lundaniciitaJ circuit is closti<l at 
liotli cuds and. through the intervention of the relay l)ll!. steps the tens spindh' hack to 
normal Then one more impulse is taken out. over the cutoff relay Alt. which opcrati's. 
ojiclis f he fiindaiiicnlal circuit and sto]is t he hriisli choosi'r. 

'I'hc scipiciicc switch Rfi. in parallel with relay AR. is also operated and moves to 
position in. 

The units magnet l!(ll.' is now connected to the fundamental circuit, over coiita.ct 1*1(1, 
which has again hccii closed over .h’. in position In. In the meantime the hriisli carriage of 
the filial switch has also hccii connected to the iundaincntal circuit and controlled, as 
dcscrihcd for I'hg. 10(1 

'I'hc units spindle l!(>U is advanced one step for each stx'p taken hy the hrush carriage 
ol till' final switch, and. when returned to normal, connects the relay AR over the spring c. 
The extra inijiulse is then taken out, energising relay Alt, which in turn ojxmis the fiinda 
iiiciital circuit and sto])s the hrush carriage. 

'I'hc o|)era.ti<>n of translation, when necessary, is sini]ily performed 

It was shown in the section dealing with translation (.section 42) that, to leacli the 
proper Icrniinal ten iinjiulscs must he added to the scries in the a place wlicm the hundreds 
arc odd. 

11. Itelav IIIR is energised, over coiitacl N in position .“i. and oxer the spring; r of the 
hundreds spindle (closed when thi' hiindrcrls .sent in were odd). 

12. Relay 1111! is held energised ovi-r its front contact, and over the contact < on the 
units s|iindlc. to earth. 

Springs/i and r of 1;< !l' arc coiiiicctcil together o\ cr the right hand front l■on(act of relay 

nil! 

Under this condition, the siiring c w ill fail to make the swit.ch-ovcr to the relay AR,‘wlieu 
the spindle reaches normal the first tiiiic. as the ri‘la.y AR is cut otf at the hack contact of relay 
H II!. ’rherefore the siiindlc will continue to stcji. and take ten more steps, until normal is 
again rcaclu'd. In taking these stc|is it passes ))osition 1 when the fourth cam allows the 
spring t to vlroji into a notch, which nioineiitarily ojiens circuit 12. and rvluy HiR 
dc-cucrgi.scs. 

j:{. ^^'hcu reaching the noriiial position for the sci-ond time, the circuit for the Rti'U 
magnet is opened, aiid a circuit for the relay .Al! completed. oVer contact lOD, oc, lOP and 
14 ohm winding of relay 1)1 R. to earth. When the last impulse is taken oir: of the relay AR 
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it is ciH'i'i’iscd, iiftaiii ((pi-ns lli<- 1ini<l<iinc!ital ciroiiit, and slops tfio l)riisl'. cawiage of the final 
switoli. • 

'I'he M'lpicnee swilcli Ho, in jiarallel with relay AJt, is also operatcil, and moves ite spindle 
into position 12. which initiates tin; release of the register froln the.eonnectioii circuit (not 
shown), the register having performed it^ function. 


Section 49 

BRlhSH CARRIACK RKVOIA KS AND THK BRUSHES HUN T FOR AN IDI.E JUNCTION 

(Fig. 105i 

I 

'J'he trip spindle having heen adcanced a distance corresponding to llie digit called, 
has jirojccled a particular tooth ; the hriish carnage' innst then he rotated. 

1. When contact K is closed in )iositi(in 7, the power magnet l*'(l is energised, and the 
hrnsh carriage hegins to rotate. When the 10 sets nf Inushcs jiass the liiji spindle, the latch 
corresponding to the set tooth will he tripped, and the particular .set of Vrnshes released. 
In tlie iignie only two sets are shown, and the top tootli is assinneil to he in position to tri]) 
(he (op set of I'lnshes, As (he hnish carriage revolves, thi' (ri.nped hrnshes sweep over (lie 
(erininals of the h'vel. When an idle line is reached the liriish carriage will stop. Each 
line is tested in |>assing hy (he third or test hrnsh toiiehing each test terniinal. tIT'Jt and 
(i'l'-i! are the two test ri-lays. 

2. .\ hiisv liiH' is indicated hy tin' lower terniinal third eondiietor having a |)arallel 
path so (hat there is a potential of only a few volts, and (IT'H does not energise 

.‘I. The third condnetors, ahove last mentioned, show idle lines, having the relay' (l()H 
directly eoiiliecled ami therefore, with full battery potential, and relay (JT'H energises. 

4. 'I'he l.a-ohin winding of (I'F H and (i'l’2H form a low resistance' shunt, about the 
S(i(i-ohin winding, to can,sc the line to test busy to any other switch that may test. 

.\ break or ojx'ii contact will also cause the line to ti'st busy, wlii'ii (IT'H will not energise. 

The inti'iriipter, (lIN'f. short-circuits the relay (IT'H until the brushes are fairly 
centred on thi' terminals. 

Helay (1T2H ein'rgising oiieiis eireuit J so that the |)ow('r magni't I’ tl de-i'iiergises to 
stoji 1 he brii.sji carriage. 

(>. Helay (ri’2H also elo.ses a circuit for the holding magni't HU, over contact, 1)7, .so 
that the carriage is brought instantly to a stop. 

7. The si'ipienee switch H2 is also energised over contact (*7, and moves into position 10. 

s. 'J'he fiindamenta) circuit containing the ri'liw SIT is connected over the contacts Olo 
and IMo, and over tlie brushes A' and B', to a jimetion line leading to the final switch. 

When the system has a capacity of ovi'r 2,000 lines, the fundamental eireuit will be 
eoniieeted to a distant second group switch, which will he selectively controlled, as was the 
lirst grou]) switch, abovt' dt'seribed, and which will then ('xtend the fundamental cirenit to 
till' ihial switch, where the terminals of the wanted line are to he, found. 
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BRl’SII CHOOSER AND RRUSII CARRIAGE 


Section 50 ‘ , ■ 

0 

BRl SH CHOOSER AND BRUSH CARRIAGE OF FINAL SWITCH SELECTIVELY 
CONTROLLED BY I'lIE REGISTER (Fig. 106) 

1. Wlieii the luiidunK'nlal eiienit is eornpleled to the iiiial switch, relay FLK enerjriscs. 

2. Sequence switch R eiiergise.s, ov('r eoiilaet 1)1 and front contael of F-LI\, and moves 
from j)osi1 ion 1 to 2, ready to hegin the hrush elioosing oi)eration. 

;i. Magnet P2 energises over K2 contact and front contact of FLR. ‘'J’he triji spindle 
of the linal switch revolves tlirougli a delinite angle to set a particular tooth in the ])alh of 
the brushes. Again each step taken hy the hrnsh spindle returns the register spindle a 
step forwards towards normal. When normal is i-eaehed relay All is energised to open ciryuit 
1. when relay FLR de-energi,ses to stop the .sjhndle. 

4. Setpience switch R is energised over eontaet D2 and hack contaeti of relay FLR.^ 

The register now connects to the units spindk' to control the movement of the hrush 
carriage, and again eompleti's circuit 1 hs closing contact at s])ring F. Relay FLR energi.scs 
and again closi-s circuit 2. Seipience switch R ste]is to jiosition 4. 

r>. Magnet J’l is eiiergi.sed over contact .F4 and front contact FLU. I'he hrush carriage 
hegiiis to rotate, and one set ol hruslu's will he uniat ehed w hen the tri|) spindle tooth is pa.ssed. 
The hrush carriage is moved forward and the jias.sage from terminal to terminal is marked 
oil' hy the interrupter INI’', 

0. 'I'he liindamcnlal eirciiit I is earthed over contact N4 and I NT'. Relax SU' is 
short-circuited and rclea.scs, .so that the units registi'r spindle is slepjied forward. 

I'he hrush is stopjieil when the register returtis to noimal hy relay AR hi'ing energi.sed 
to ojien circuit 1. wheridiy relay li’LR is tie energised. Circiiit '> is then ojien and magnet 
V de energised. 

7. iScquelice switch R is eiiergi.std over conlact 1)4 and hack contact ol relax FLU, 
and stejis from position 4 to in 

The line wanted is tested while the stqncnee switch R i^ passing from I to In. 


Section 51 

LINE WANTED IS TESTED, RUNG, AND CONNEG TED FOR UONVERSA’l'ION ; IF 
BUSY, BUSY TONE IS APPLIED (Fig. 107) 

1. 'I'he called line is tested when the setpienee switch R closes lontaet G in )iosition 7, 
over F'J'’R, hiiisli (", ami through relay t'OU. t'OR heing unshunted. the line tests itlle 
and F'T'R energises. 

2. A low resistance circuit is eomplctid over the low resistance coil and Iront contact 
of FT'R, through iclay r'.r2R, which engages the called line. 

2, Sequence switch U is energi.sed over conlact ('In, front contact of FT2R and hack 
contact of relay FLR. R moves until eontaet (' is ojicned in jiosition 11, so that R moves 
to Jiosition 12. 









CONNECTION IS CLEARED AFTER CONVERSATION 


UG 

« 

4. In ]«)siti(>ii 12 vingitig curmtt is sent over relay KGR, erfiitael Jjl2, hrush B', called 
line, brush A', ediitaet .112. Baltery is shewn aj)])lie(l in intervals of ringing. 

The ealling jiarty is given an indication that the called party is heing rung hy a short 
huy./,. A (>(l(l-ohni hridgc is plueed across the looj) hy contaets'l and,K in positions 9 to 11. 
The supervisory relay S2I'!,. near the re]te.atcr, is energised. * 

0. The s(>((uenee switch II'. associated with the group sw'itch, is I'liergised over contact 
BH, and is moved to jio.silion !> to connect an interru))ter K" to the calling litie. The bridge 
is immediately thereafti'r openisl and relay N2lv de energised, when seipience switch li' is 
moved to ]iosition 19 to cut olT the tone. '' 

7. When the called party answers relay lUiB is (mergi.sed. R2 is stepped to position 
l:t to cut. oil the ringing current. Belay S2R is again energised, and over eireuit (1 energises 
Rl. to move it to position 15. which is the talking jiosition. 

If the called line had tested husy. relay FT'R wiaild not energise, nor h’'J'2R. so that 
the sequence switch would stop iii position 1(1. , 

8. Magnet B' is energised over eontaet Bid, hack contacts of relays l'T2B and FLR, 
.so that, the hrush eari'iage of the linal switch is revolved towards normal, 

9. Relay BLI! is eiaagised over eontaet \ld, and (he earthed sjtring Btti (ouches plate 
R17. Circuit S is opened to de-energise I*', and .stops the hrush carriage. 

Id Seipienee switch I! is energisisl over eontaet Did and front eontaet of relay FLR 
and moves to position I I. 

II. The holding iiiagiiet II is energised, over eontaet Bid and front contact of relay I'MjR. 

Tlu“ hrush carriage is therefore instantly stopjied. 

The sequence swi(.eh R remains in jiosition II until the group switch has released the 
trunk, when it returns to normal (not shown). 

Busy tone is given to the calling party hy the interrupter It” eonneeteil to the line, 
over the s])riugs II and .1 in jiosition 9 of the seipicnce, switch I!'. It. was driven to this 
position, from S, hy relay S2R over its front <'ontac( (eireuit (i), S2R heing energised in a 
circuit eonqileled hy hridging the (idd ohms ri'sislanee on the junction line at the linal sw itch 
(ill jiositioii II of siapieiiee switch R). 


Section 52 

CONNECriON IS CLEARED .\FTER CONVERSATION (Fig. 108) 

When the caller rejilaces the n'ceiver, the siqiervisory relay S'B is de-energised. 

1. Relay RR energises. 

2. Sequence switch R2 is energised, over contact .112 and front contact of relay RR. 
R2 is moved from jiosition 12 to IS. 

2. Circuit 2 is opened at contact K12, and relay QB' de-energises, and initiates t he return 
to normal of the linal switch. 

The return (ti normal of the final switch will he described, as tyjiical of all the switches. 

A test is first made to make sure that the receiver has be<‘n rejilaced. 'This is necessary 
to pri'vent a lino with mierojihone in circuit from engaging another switch and register 
uselessly. ^ 
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14S CONNECTION IS IJEOISTERKD AFTER CONVERSATION 


4. When relay QH (le-eiierfii'ses. the sequeiiee switeh II Ik mergised ovjir contact B13 

and tlie hack contact of Qi’, and moves to >>osition ir>. ' 

Ilelay FLIl is tlien connected to tlie liiu' over contacts Mlo and Ilo. FLU remains 
energised until the receiver is re|)laccd. . 

t'l. Sequence switch It is again cnergisisl over contact l)F"i and liiack contact of relay 
FLlv, and moves from jiosition Ih to IH. • 

7. Magnet J’' is <'ncrgiscd over contact FIS and hack contact, of FLlt,»and the hrush 
carriage is i-estoKsI to normal. 

5. Jtclay FLIt is energised when tlm spring 1>1(1 touclu's the jdatc I! 17, h hen the hrushe.s 
reach the normal (xisition over c.ontact IS. 

!). Iloliling magnel II is energised over contact Ills and front contact of relay J*’LR, 
to stop the carriage instantly. 

in. Tlic' sc'cpicncc switcli It is cncrgiscsl over contact DlS and front contac't of re-lay 
FMili. and moves its spindle to the normal position. 

'I’hc trip spindle of the hrush choosc-r was rctnrnc'd to normal when the sequcmcc' switch 
R reached position 7, when the- circuit of the- magnet 1’2 was closed ovc-r the jcowct contact 
sjering c-ngaging the jcowc-r cam. 'I'hc trij) spindle rcvoivc-s until normal is reached, wheue 
a notc h in the power cam is ,so deep that the contact of the' powcir spring is opencal. Thc' 
])ow('r magnet is cle-euergiscd and tlie triji spindicc stopped. 


Section 53 

I'HE CONNECTION IS RECISTEREI) AFTER CONVERSA’IION (Fig. I0<)) 

.\n elTcctivc connc'c tion ncc'c'ssitatc's the- advancc'iucnt of thc calling suhscrilter's nictcT 
one ste|>. 'I’hc rc'gistration takc's place' aftc-r coicvc'rsation, aftc-r the rc'cciver is rc'placc'cL 

M'hc'ii the rc'ceivc'r is replaced, re-lay S'R dc'-cne-rgi.se's. 

1. I’e-lay IMt is e'ne'rgi.se'(l, over contact Flo and h;ick contact of iS'R. 

3. Se-epiencc- sw itch R is cne-rgised, ove-r contact. .113. 

3. When l!2 e-lose-s contact I in ])osition 14 .se'e)ne'nce switch R' c'ne-rgi.scs oven' econtae-l. 
Dio. The- motion of the two swite-he-s will he simultaneous Sw-ite-h R2 in geeing from 
jeositiem 13 to 1K pa.s.se-s through positions M, to, Kianel 17, while- RJ in going from position 
-15 to 1 jmsse-s through Hi, 17 and l!S. 

4. .Metering circ uit. The special hafte-ry is connected over cc-intae-.t Ql4 to 17, Ll(i to 
IK, hrush and te-rminal (■ to enete-r SM. One battery re-inforce.s the- othe-r. 

He-gistration cannot take jelae-e whe-n the- line tests busy or when the- e-alle-d ])arty doe-s 
not answe-r. The switch will re-main in position i) or 10 respectively. Ihidcr these eemeli- 
tions R2 is move-el out of position 13 when the- calle-el rcce-ive-r is re])lace'd, and closees the 
spripg 1, as he-fore, to .start R' from jiositiem 9 through all the ])e>sitiems to normal. But, as 
both switches trave-1 at the- same sjie-e-d, R' will pas.s through 11. 12, 13, 14, when .spring L 
is neit yed close-d, while' R2 is passing through l-I, 15, Ih, 17, whem sjrring Q is elo.sed. 'J’ho 
me-te-r will not he o|K-rafe'el, jis the- circuit from the battery w'ill not be eonqtlete'd over the 
springs Q and L, the lir.st elo.sing and opening before thc second close.s. 
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REGISTER RECEIVING IMPIJLSES 


Section 54 

THE REGISTER RECEIVING IMPULSES AND CONTROLLING THE SELECTING 

OPERATIONS (Fig. 110) 

As the diagrams of fl»' foaimercitii circuit (Figs. 11.") and 124) ajipear very complicated, 
and us it. is essential to tiiidcrstaiid tliorouglily tli(* fuiulamental features Of this system 
an intermediate circuit arrangement follows. 

In a, register-controller e([uipm(‘nt two sequcnci- switches arc associated therewith, one 
estaldishing the circuits for sticli register, one after the oth<>i-, and by w'hich the registers are 
set', the other sequence switcli e.stablishing the <'ircnits, one after the other, by which the, 
nigistcrs .severally control the nccessai'V and res])ectiv<' selection controlling operations. 
One se(piencc switch is know it tis the iiiromiiKi because it esttiblishes the circuits for the 
several registers by which they aic set, and the other the otilgoiny. because it controls the 
circuits by which the several registers control the nettcs.sary selection controlling operations. 
Thest! setpjence switches are so int.cr(le]»endent that the outgoing switch will only be ojteraletl 
to e.stablish the circuits for the first switch control operations after tb<- neces.sarv setting 
ojMTations in tlu- registers for jirodueing the jiroper (amtrol in the selectors have been 
accomplished. 

I’hc circuits are numbcrcil in the order of operation, and are as follows : 

1. When tl'c receiver is lifted tin- inqmlsc stepjiing relay K' energises. 

2. Sccpiencc switch M2 moves from position 1 to .T. 

SS M2 in ])osition 2. relay IW is energised. 

4. Circuit, through left-hand high-resistance winding of dilTcrential relay 114. 

■). Circuit through low resistamte winding of Ttt, and through magnet M.'i of register 
in series. Jt4 being diiTerentially wound docs not energise. M.""! energises and,takes one 
step. 

(i. Local circuit of Mu, to maintain it energised until it reaches its lirst position. Cir¬ 
cuit r> is then ojiened at ti' of regi.ster. K.4 then energises ami opens circuit .t at its liack 
contact, 'fhe I'ontact .u' is again closed. M,") cannot take a second stej) until 11.4 de¬ 
energises. 

Let the Number to be called be 703. - 'I'he lirst series of imjmlses, to he received from 
the dial, are two short ones ami oiu' long. 

'fhe lirst interrujit ion of the line circuit causes R' to de-cnergis(‘. Circuit 4 is opened, 
,nnd K4 de-energises. When circuit 1 is again closed .M.'i euergi.ses and moves its eoiilaetsto 
])osition 2. Circuit is again ojamed at and R4 energises over circuit. 4. 

The second internqition of circuit I again causes R.' to de-energise. Circuit 4 is again 
opened, and R4 de-energises. When the circuit is again closed M.'i energi.ses and steps to 
position 3, Circuit .T is ojiened at and R.4 energises over circuit I. 

'fhe third int(>n'uption is the relatively long one. to change over the imjiuLse circuit 
from Mu to th(' tens register, 

'7. This larcuR is closed for a longer period to allow the slow-to-cni^rgise relay R7 to 
energise (it mu,st not he closed long enough t,o allow M2 .to take more than three steps). 

Circuit 3 is open, and Kli de-cniTgiscs. (tireuits 4 and !> are open, and R4 de-energises. 

H. SS M2 ('uergiscs and moves from position ti to 8 (jirovided R7 is dc-energised at that 
time). 
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Should the suhsorilHT^dcsin' to elc'ar at thin tiitio the iiiterniptioii is longer still, and 
M2 moves through fts 14th and eomes to rest iu its 15th ))OKiti<iii. 

Before M2 arrives in position s, eireuit I is again closed, and H' energises. K7 de¬ 
energises and B3 is energise*!. 

!t. t’irouits 4 and 5 are agnin eoinideted, lait 114 does not eiua-gise. Circuit 5 is extended 
to Mtt, which moves from |)osition U to 1. Contact !t' is openeil, and H4 energises over 
circuit 4. , 

Second Digit, 0, impulses.- On the first interruption li' de-energiscs and I he action 
is as before, and^ltt tak('s another stt^p. As the .seeojid <ligit. is (t. nine short interruptions 
and one long one will be ree(>ived. When IC is c.iergised, between the last short and the 
long interrujdion, Mb will take a tenth step, bringing il. back to (( or normal. On the tenth 
interruj)tion 117 cnergi.s<!s. as b(4or(\ to cause tli<' SS M2 to move from position H to 11. In 
the latter position, the tliinl digit (2), seven impulses are to 1 h' received, 

l(t. Regi.ster Mitt is to be moved seven steps from normal. The last, or long, im]>ulse 
moves SS M2 from position 11 to 14. 

11. When SS M2 moved out of its ath position it closed, in position (>, a eireuit tip SS Mil, 
which moved to position ti. 'I'be .setting of Ma was then comjtleti'd, and selector eontriplling 
begins. 

12, iSS Ml I in jxpsition 2 eaii.ses the dilferi'iitial relay .RI2 tip energise, through its high 

resi.stanee, the low resistance eireuit being open, and it remains energised until 12' cont.act 
of the outgoing stepping relay is opened. ^ 

lit. This eireuit was pri'pared (previously, and when lit' eimtael. is closed by .Mil, in 
(losition ti, controlling begms. If circuit lit is not ri'aily lit' will close, and the o|ieration 
be delayed until circuit lit is coipipleted. 

Will'll completely ready, IMIl energises in series with the line relay at the selector undi'r 
control, c.i/., relay' 1117. Kig. Ill, Ciripuil. 12 is ojieneil.aiid 1112 di! energises. 

IH, SS M IK energises and moves to position 5. B I It and 1117 are maintained energised. 

lit. I’ower magnet Ml!) is energised, and the .selector switch moves its hrushes Hr 
over the terminals of the grou]) in which the desired line is located, at the same time moving 
brush HR' ovi'i' tin' interru|)ter rack INT, so that the circuit is intcrriijitedly connected to 
earth, first between normal and first, terminal, and then between adjacent terminals. 

20. Kiu'th over IN'I’ maintains R 17 energi.sed, but shmils Rlli so that it de-energisiis. 

The first de-energisation of Rill, due to the shunt on the fundamental circuit as the 
brush moves fropn R to I, clo.ses circuits for the differential windings of RI2. 

14. Holh windings of 1112. circuits 12 and 14. receive current, and it does not energise. 
Begister magnet M5 is energised and takes one ste]i to the 4th (position. It also closes* 
circuit 0 to enable it to com(pletc the ste(p. dontact 14' is (P(pen. and R.12 de-eiicrgises, R12 
then <p(pens eipntaet 14". sip that .M5 takes only one ste[p. 

When the shunt eireuit has bi'cn a[p|plieil to Rill .seven times the register iMTi has been* 
8te}P(jed seven steps to norinal, and the ditferential relay' 1112 has been energised and de¬ 
energised, as before de.seribed. 

The steyptping magnet Rill is again energi.sed by the o(pening of the slinnt at the lirush 
chiposer, and R12 ite-energises. As the brush chooser takes its final stejf Rill is again de- 
energi.sed and the circuit for R12 closed. ' 

15. The left-hand winding of 1112 is now connected to the SpS M 11'and 1115' in (parallel, 
circuit lll^s opened, thus o(pening the funilanicntal ciT'cuit. and the selector connects with 
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an idle linn in Itic fiioup 7. SS j(l11 moves to ])osition 7 and opoiis eontaets^lS', !!>' and la". 
i;i' o]i( ns < ii( uit i:! till tlie apparatus is re*idy for a sta-ond sel(>otina eijntrolling operation. 
1.7' and la' ojien the energising eireiiit of Ula' and Mil. and left winding of 1112. whieh 
energises and remains energised until Die second selector and KIH a^raln energisi'. 

SS .VII I in its jiosition 7, .ind the setting of the register .Ml' heing comiileted, the secoijd 
selection controlling operations hegin. If M7 is not comjiletcly set, Mil is maintained in 
position 7 until the change over from .Mil to MIO is comjiletcd on th(‘ iueoiliing side, due to 
the long impulse at the end of the .second digit. W hen such is received j\12 moves out of 
posit ion s to II, * 

Mi. .M2 in position it .Mil cnergi.ses and moves into jiosition S, in which the .second 
selection operation take.s jilace (M2 cannot come into jiosition tt until .M!> is comjiletcly set). 

The selection eoiitrolhng is again similar lo that deserilied from eireiiit 11 onwards. 

17. As soon, therefore, as the fundamental circuit l.'l has heen cNtended hy'the former 
operations to circuit 17, or the like of kig. III. Ul.’i and 1117 energise. ^ 

Circuits l!S. It) and 20 operate, as hefore diserihed. 

The digit called heing 0. and the register M'.t having heen moved hy the incoming 
impulses over ll> jiositions, is. therefore, again in 0. 

Hy the lirst earthing of IXT. l!l.‘! is de-energised. 

21. Circuit 12 is completed, in parallel with circuit 21. and KI2 is not ojicrated. Mil 
and Ilia' are energised in |iarallel Hla' ojiens circuit 12. and the hrush selecting sjiindle 
stops in the lirst jiosition. lo allow of a line heing selected in the 0 group. Ml I moves to 
position 0. and'ihc lontaets 12. 1.7' and 15" are opened, as w he'n .Mil left jiosition li. I’I2 
is energised over circuit 12. 

SS Mil in position 0, and register MIO comjiletely set, the third selecting ojierations 
can hegin. .M2 will only move out of position II after MIO is eouipletely set. 

22. .Mil in it, and w hen .M2 has left position II. MM moves to position Kt. and the third 
selecting ojierations liegin. 

The digit to he called is 2. and .MIO has heen set to position 7 hy the incoming imjiulscs. 
Koiir iiiijiulses have to he reci'ived hy the switch, and tliiTc iinist he four shuntings of relay 
1*12. When Die fundameiilal circuit 12 is now closed at the final svvitcli, which is lo he 
controlled according to the value of the final digit, l!12 and a relay corresponding to 1117 
are energised 

'rile lir.st shunting of relay I! 12 will cau.se Mill, as hefore deserilied, to move to jiosi- 
lion S. the second sliimtiiig will cause it to move to jiosition it, and the third will caii.se it to 
move to Jiosition 0 or normal. 'I’he fourth .shunting will energise 1115' and theSS .Mil in 
jiarallel. 1115' ojieiis eireiiit 12. and the hriishes will come to rest on the I'vo. 2 set of 
terminals of t he It groiiji, which is the ti'rniinal of the siihscriher called - -702. 

.M 11 moves lo its normal jiosition. 

22. M2 is moved to its normal jiosilion. 

.All ajijiaratiis is now in normal. 

Fig. 111 is shown only to indicate the eonijiletiou of circuits, and does not oorresjioad to 
the tyjiical circuits jireviously deserilied. nor to the commercial circuits which follow. 
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Section 55 

A 1,000-LINE ROTARY MACHINE-SWITCHING INSTALLATION (Figs. 112-116) 

« 

The mnnhering is IrDiii ni)\viir(ls. 

A ealliiig siihseriher imist dinl 1 for the tlioiisiiiids digit. Imt any other digit dialled as a 
tirst digit will nyt liring in the hundreds register, hut w ill eonneet to an alarm eireuit, tieuoting 
a wrong nuiuher. 

The dial is iflnnhered 0 to !) eloekwise. I’lie impulsing is on the eomplemenlary basis, 
/.('..digit (» sends nine short interruptions and one long one. and so on. till .sends no short 
ini])nls('s and one long one. 

I'lvery ealling line has aeeess to six registers. 

The se(pienee switches are .so arranged that only half of a group of s(*eond call lind(Ts 
hunt for the ealling line. TIu'y have two home positions, I and IS. When a call tinder 
takes a call, and its register-hunting se<[uenee switch moves, it. causes another scccmd call 
finder to ht'switched in, so that there is always one half of the group waiting to hunt tor a 
call unh'ss more than one half of the switches are engaged. 

(In the final .switches t,hc even hundred is on the left-hand half and the odd hundred on 
the right. 

On all switches the, local A or a contacts are open in the positions marked ; all other 
eontaets are eIos(>d between the positions marked. 

'I'he circuits are nunda'red in t(ie order of optaation and are as follows ;— 

1. When the subscriber lifts his I'eceiver to call relay LK (Fig. 112) energises. 

2. Ivclav Civ, common to a, groujt. energises. 

If all the tiist line finders are engagral the iam[i L.'f(LCL) glows. 

•I, If soii'.e tirst line finders are idle the brush carriage magnet .M-t(I') energises, and all 
free first lilic finders hunt for theealling line, and relay 1!I(LCI>) energises. Ltf does not 
glow. 

One first line linder ((unu'cts with the calling line. 

~K Itelay R.")(LT'lt) energi.sc's in ])arallel with the bbO ohms resistance. 

(>. Second winding of relay lt.a(l/r'lt) over INT. 

Kelav It.^i is marginal and will not ojauale when brush I) is passing over a busy line. 

W ilt'll the first line linder brush 1) is fairlv centred on the line terminals, INT opens the 
circuit. 

7. Relay Iv7(l/r21!) energises, and, circuit t being o|)ened, magnet M4(l’) de energi.ses, 
and the brushes come to rest. 

.s. Holding magnet jMS(H) and relays 1!,.H(CR') energise. 

•!l. If all the .second line lindt'is (Fig. 112) are busy lam)) L!I(CL) glows. 

10. If one or more of the .second line tinders are idle they hunt, for the line, llclayp 
KIO and liRlO (CR and (!LI!) energise. Lani|i Lo docs not glow. 

11. A second line finder brush carriage magnet .Mt l(l’F) eiiergi.ses. 

The second line finders o|ierafe in the same manner as the first. Relay CT'R(R]2) 
functions similarly to R.7(LT'R). 

12. Relay R 12((rr'R) i nergises. 

12. Relay R12 .switches •in its second circuit, over FINT, until the finder brushes arc 
fairly on the tevminals. wlii'ii FINT opens. 
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14. Relay R14{(iT2R) energises. 

ir>. Se(iiience switeh Mir>(R,') energises^ 

Hi. 'I'lie se(!on(l line liiuler linlding magnet ]Vllf')(llF) energises ovc'r circuits 15 and IC. 
Cirenit 11 is i)])ened at 11', and relay R14 an<l magnet Ml 1 de tmergise. 

Se(iuence .switch R' moves all associated contacts to jxi.sition 4. Second line finder 
holding magnet HF, relays R12(GT'H), RI4(GT2R) and I{R10 ((tLR) de-energise. 

17. Relays R17(('()R), RRI7(LH'R). IM7'(L(’R). energise, hut m^t SM. Relays 
K'(]J<), R2(('iR), R4(Lt'R), R5(LT'R). R7(i;r2R) RH((;R'), magnet MH(H), relay R.10(r.R), 
and all apparatus of first atid .second line finders which huntcal for this call, de-energi.se. 

IK, itelay R18(S'R') energises over the calling sulcscriher’s loop, while secpiencc switeh 
M I5(R') is moving over jiosition 2. Relay RIK opens the operating (•ircuit 15, and M1.5(R') 
moves its contacts to position 4. 

Seipience switeh R' in jxisition 4. 

HI. Register finder Ml!»(RH) energises and tc.sts for a free register’. Relay R12((1T,'R) 
is now the marginal testing device, and will not operate on a hu.sy register. R functions 
as it: did when testing for tia- calling line. 

Every time MMI(R:!) ])a.ssc.s 1. IJ, 21, etc., it tests. If we su]>])o.sc all registers busy 
until til is reached, then - 

20. RI2(GT'R)and R20(AMR) energi.se. 

21. Relay R14((i'r2R) energises (circuit as 14). 

22. Magnet M 15(1!') energises and moves out of jiosition 4 to 5, and R20(AM R) sets Uji— 
22. Neipienee switeh M22(R4) (Fig. 115) energises and moves from jiosition I to 3. 

Xow the R contact of register finder Ml!)(R:i) opiuied in jiosition 7, and sequence, switch 

M15(R'), moving to jiosition 5, ojiened its contact I); therefori'Ril cannot move heyond 7, 
and the calling circuit is coniiect<-d to an idle register. 

Seijnenee switch M22(R4), moving out of jiosition 1, ojiens its contact 1) (cirmiit 2t»), 
and relay R2n(AMR) de energises. 

24. 'I'liese are alarm circuits, and h24(R(!L) glows to indicate that thesi' arc in use. 

24(1. In Jiosition 2 the thousands lamji glows, indicating that the thou.sands imjiul.ses 

are due. It will readily he .seen that if a timing device is fitted the state of the registers 
can he readily ascertained. 

Secjuence switch M15(R') in jiosition 5. Circuit IK is ojicn at IK' and causes relay 
RlK(S'Ri') to d('-energise. 

25, Dialling tone is given to the calling siihseriher, and relay R25(1SR) energises. 
,R25 energises hefore seipience switch M22(R4) gets to jiosition 2. Rl leaves jiosition 1, 

• and M I5(R') leaves jiosition 4, simultaneously. R.4 has two jiositions, and R' one jiosition, 

• to advance, so that circuit 25 is cstahlishcd a minute fraction of a second hefore R4 reaches 
position 2. 'Phis is imjiertant hecause, were it not so, the thousands register would be 
.wrongly set. 

2<i. Relay R2(i(It)R) (mergisi^s. 

27. Relay R27(ASR) energises. 

,2K. Magnet. M2K, register RIOOO (Fig. 115), energises in parallel with R27. hut not the 
dilfenmtial relay*R2it(ll)R). RHKK), moving out of position 0, shunts the 5-5 winding of 
IDR,hy its a contact. 

2!l. Relay R2!)(H)R) energises. Relay R27(ASR) is maintained over circuit 27'. 

M'hcn RlOtKi reaches jiosition 1, its a contact heing ojien, R.27(ASR) «?.e energises, but 
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R29(IDR) is maintainwl wkorgised over circuit 20-27, so tliat RlOOO juoves from 0 to 1 
before any impulses’are sent in. ,, 

The Subscriber sends in the Thousands Impulses. -'I’lic first interruption, short, 
open.s circuit 25, R25(1SR) lio) ilc-ciuTj;is(‘s mid ojicns circuit 27, R20(I1)R) de¬ 

energises. Relay R30(L'R.) dAcs not liave time to ('Jiergise. 

27', 2S. JIIOOO re-cnergisi's and moves from })ositiou 1 to 2. 

29. Relay K27(.'\iSR) switelu's in I'ircuit 29. The a (umtact of RdOOO is now closed 
until position 2 is reached. litR and ASR are rendered independent during the time of 
circuit 27. If the im])ulses sent in are irregular in character the regi.ster is not, within limits, 
affected. 

Again the a contact, shunts the 5-5 ohm winding of 11)R, which energises and opens 
the circuit at 27". RIODO therefore sto))s in jiosition 2, when R27{ASR) de-energises. 
R2!)(11)R) is maint.ained over 27rt, if R25(liSR) is still on its liaek I'ontact. 

• The interruption ceases, and R25(tSR) re energises, and R29(11)R) de energises. I’UMH} 
remains in position 2 until the second interruption takes (ilace, when it and relay R27(ASR.) 
re-energi,so as before ; then R2!t(li)R) leaves RKMMt in jiosition .'t. and so on until the eighth 
interrujition. When this ceases relay R25{ISR) re-energises and IMtltHt is moved into 
Jiosition it. Relay R27(ASR) de energises, and R25(ISI!i) eiuTgises. Now comes the (inal 
long interrujition, ami ISR. de-energises. 

;!t). Rclav R3tt(L'R) (‘lU'rgises. 

31. Relay R'2(t(AMR) energises. 

23. .Maguet .\123. .seqm nee switch R4, energises and movi's to position (1. Iteluy 
R2li(HtR) deamergises. 

Whilst R4 is moving the long interruption ceases, and circuit 25 is re-established. 
ISR re-energises. Jl.‘S()(li'lt) and R2(t(AMR) d('-energise. 

Scijuenee switeh R4 stojis in |iosition (i. 

2li. 'I’his circuit is again eloseil, and relay R2li(l(!lt) energisi's. 

27, 2H, 29. These circuits are again established. 

32'. Relay R27{ASR) and regi.ster lil0lt(M32') energi.se. 

Relay R27(ASR) is maintained over the «■ contaet. When RlttO reaches jiosition 1, 
relay R27(ASR) de-energises, and R29(ll)lt) energises. 'I'hus, R.ltltt is in Jiosition 1 ami 
R29(II>.R) energi.sed before the hundreds iinjiulses arc .sent. in. 

It will be assumed that the number being calk'd is l,3ti4, and that the tirst digit has betai 
sent in, as just de.serila'd, RlttOU being in jiosition 9. In dialling the second digit 3, RI9U 
is to be left in jiosition 7. .As before described, L'R energises in circuit 30, and on the last 
hundreds imjiulsc R4 energises in circuit 23 and movi's from jiosition (i to lt». 

Sefjuence switeh R4 in jiassing over jiosition 7 comjiletes - 

'12. Magnet M32(R5) energises. 

33. Relay R33(]'’(!R) energises. 

Sequence .switch M32{R5) moves from jiosition 1 to 3. R.elav R33(F(JR) de-energises. 

(lii'cuit 2(i is ojiened. and R2ti(l(.JR) de-energises, whilst M23(R.4) moves from jiosition 
6 to 7, thus bringing in a new condition in the alarm circuit. R4 arrives in jiosition It) 
before R5 reaches jiosition 3, so that the condition of the switelies is as foHow's 

M15(R') is in Jiosition 5, M I9(R3) in jiosition 7, M23(R4) in jiosition It). M28(IUtM)0) 
in position 9, M32(]'l5) in jiosit ion 3, M32' (Rl()lt)in jiosition 7. M57(RId) is in jiosition 1. 

This is brought ifhout in the manner described for Jildt). 
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(If tlic second di)fit Jiad lieeii !», ilicu lelay MIMl would over/of RIOOO and a 

of It UM). This Ml add set ii|i iicm’ eondition-i to elioose a special level for’oporators' lines, etc.) 

When sequence SMiteli llo has passed jiosition 2- 

24. Relays RTl/AUt.) and K:M(i;(H!) eneifri.se. 

25, Holdiuj; eireuit fiU’ ahove, 

(If the hundreds (licit had heen an even one these relays Miiuld Jiot have heen energised, 
and ]’ loo would have lieen in jxisitions 0, 2, 1. (i, or H.) 

When sequence su ileh I!.") jiasses over ]iosi1ion 2 

2<i. Ditfereutial relay It2(!(()L)U) energises. 

27. Relay R.'tTf.AS'R) energise,s. 

2H. Register It lOo energises. 

01)11, o|)ens its hack eontaet so that. R.!7(AS'R) deenergises, and RlOO advances to 
Jiosition S, and ojieiis its ha al e.oidael d. 

It-will thus he seen that in dialling an odd hundreds digit , before the impulses areaeti,»ally 
taken out. IMOO stands in the same jiosition as it would if the even digit lielovv had heen 
dialled, lint relays A'R and I'OR remain eniagised. 

When It' arrives in position 2 

2t). Relays J’RIO((;LR) and J!20(OSR) energise. Cireint 20 then being ojiened, 
R3(i(( )l )R) de-energises, 

40. .M I5(R I) moves out from jiosition 5 to 0. 

Ii\'r2 is .so arranged that when the triji sjiindle is in its home jiosition ;dl its eontaets 
are ojien, lint in moving the liottom eontaet jiermanently elo.ses, whilst its top eontaet closes 
from the lime it leaves a jio.sition and liefore it eomjiletes one sleji. 

Sequenee sMiteh .MI5(R') in jiosition 0: 

4 I. Brush chooser iM4l(j’2) energises and in moving closes- 

42. By IN'J'2 eonneeling earth to eireuit, 2!) relay R20((.)SR) is short-eii’cuited, and 
de-energises. 

20. 27. 2.S are re-estalilished. R27(AS'J\,) energises. 

42. R loo energises and moves from jiosition H to 0 and, in so doing, shunts the 5-5 ohm 
winding of ODR,. 

44. ODR. energi.ses. and is maintained over eireuit 42. 

V\’hen RlOO reaches jiixsition 0 J{27(AS'R) de-energises, it having maintained itself, after 
ODR energised, over eireuit 44 (that is, (he a eontaet of RlOO). If R.2!l(OSR) is still on its 
hack eontaet R,2<i(OI)R) maintains itself over eireint, 2(i. .so that R lOO cannot make another 
stej) untd R,2i)(OSR) de-energises. This it. does Mhen ,M4I(R2) is making one .steji, ojieiiing 
eireuit 4l and removing the .short eireuit on R20. thus allowing it to re-energi.se over eireuit 30. 
R.2li(Ol)R) d(‘ energises. 

Ninv lirush chooser R2 makes another steji and R.20(O.SR) again de-energises, RlOO and 
R27(AS'R) energise, and. as liefore, R2(i(ODR). Refore 1’2 eomjile(,es its second .stop the 
short eireuit of OiSR is removed, and it re-energises, causing l!2(i(()l)R) to de-energisi'. 

RlOO arrives at jiosition 0. 

45. RIOOO energises and moves to jiosition 0. 

40. Sequeno- switch ]Vl22(R5) and relay R22(.F(!R) energise, the former moving from 
jiosi+ion 2 to 4. and the latter ojiening eireuit 3t), t hus dO-energising RRlO(flLR). The brush 
chooser M41(R2) eaMiot make any more stejis. R5 moving oiit of jio.sition 2. relay R2!)(0SR) 
cannot re imergisi', and the register cannot make any more stejis at jrresentji 



.\lIT()Mt\TR' TELKI'IIOXE SYSTEMS 


157 


47. Contact of lla o|H«i and dc-cncr^iM-d. 

48. Sequence swftch M 1.7(1’/) enei'f'iwes and in*ives from position li to 7. 

4i). llelay JlRKHfdd!) re-enetj'ise.s. 

.70. First selector linisli KiirriuKe .M.")0(J‘t;) enerjfises and rotates. 'I'lie trip spindle or 
brivsli chooser makes the hrusiies of the second level operative, .so that I’tl hunts over the 
second level for an idle trunk, l’>l2((iT'tv) tests, as hefore, hnl o\er hrush UK. If all the 
trunks are husy I’d will eontiiuu' to hunt until an idle line is lound. 

.■)1. 1ML’((;’1"1!) energises, m series with 1!.,71( Ftil!) (Fia. 114) and resistance. Idd in 
jiarallel. 11.71 doe.s not. enciai.se, 

.72. I’arallel eirenit over 1172. 

.77. Cirtaiit Ihromrh second uindintr over tllX’!’, which opens wluai the hrushes of l’»( 
are square on the terminals. 

■74. lM4(d'r21!) energises, and I’d de-energises. 

^,77. SS M1.7(It') energises. 

oil. First .selector holding magnet .4150(11(1) energises in parallel wil.h It'. R moves 
from position 7 to il, and fid de energi.ses. 

'J’he snh.scriher having tlialled 0 (the thinl digit), circuit 27 is inlerrnpted as before. 

77. Kvtension of circuit 27 through .M77(ltlO). ItIO steps into position 4. R,27(,\SR) 

energises in jiarallel (in a. manner similar to that descrihed in coiini'clion with Rlootl and 
RlOO). 

Before the units are sent in M215( R l) sti'ps to Rt. and M;>7'(ltl;) to position 1. 

When the units impulses'are eoinpleted ltd is left in (i and 114 moves to position Iti, 

57'. I nits register RC(.M.77') eni'igises, o\ er circint 27, with .ASR in parallel, ami 
R2ii(]dl’) tie energises. 

Sequence switeh Itt Jiasses position l.iaiid Hi. 

.7S. i;..7 moves from jiosition 4 to 5. RliRVdlt) and R:!4'(.\1R| remain energised. 
R;{3(FdR) taicrgises a Idle R7 is jiassing from jiosition 4 to 7. 'I'his is done to jirevent 
R5tl(FLR) energising too soon. 

Sequi'iice switch R.7 in jiosition 5 :— 

5!). R:t;i(()SR) and l!5'.t(FLR) energise. 

(in. SS R2 energises and moves from jiosition 1 to 2. 

til. Brush eluio.ser .M(il(l’2) of tinal switch (Fig. I 14) energises and makes six stcjis, in a 
manner similar to the conneeting circuit ,\14I(1’2). Register RIO is stejijied to n. 

.\s soon as RHl reaches 0 relay RlllilFtlR) ami R7 energi.se. and i;:t!l(OSId deenergises, 
as hclore, .so that when the liiial hriish chooser J’2 has made its retjnisite nunilier of stejis it 
cannot re-energise until it has to he sent to normal at< a later jieriod. 

Register Itln in jiosition (». 

tt2. .Mlt2(R7) energises and moves from jiosition .7 to 7. 

(i3. RltlF Fdi;,) also energises, jiartly over ciriaiit (i2. Circuit It'.l is ojiened, and R:i!»(()SR) 
de-energises. When the final .switch magnet M(il(l’2) is at rest and IX'r2 ojien, R.71)(FLR) 


de-energi.ses. 

(i4. R34(L'OR) and R:!4'(.\IR) remain energised. 

07. iMti0(R2) energises and moves from jiosition 2 to 5. 
relay R3.7(FCR) de-cnorgised and itstored circuit 5n. so 


When .M:i2(R'5) left jiosition 7 
that R;t!)(()SR) and R71t(Fi.R) 


ro-energised. 

M32(R5) .sta^tc■d to move from jiosition .7to7 (two positions) hefore .\lti()(R2) moved. 


It 
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is obvious, therefore, that Itr) is in 7 before J12 reaches 5. This'ensures that the final brush 
carriage does not start to move before It'; is really for it. is re-energised before 

R2 reaches 5. .so tliat the latter cannot overstep. 

(it). J’artly over ri!). INTI closes between the stejis, and opens when tlie tripjied final 
brush is fully on the line terminals. It acts in a manner similar to GIN'I' and 1NT2. 

(17. When Mt)0(lt2) reaches Ci the final brush carriage M(i7(l’l) energises and makes one 
steji, its bruslies being tripped by the brush chooser, and in so doing cstaMishos circuit fi(5 
to shol t-i'ireuit lt3!l(()iSH), which then de-energises. 

(IS. Jl,'{7(AS'Ji) energises. JtC energises and makes one stej). R3C(()DR) energises as 
divscribed foi' 1NT2. Rinai magnet M(>7(J’l) eoniplet ing one stei), oj)ens circuit 00. R3!l(<kSH) 
energi.ses. R30(()J)R) and R37(AiSTi) ile-eiiergi.se. ItKufPJ) makes another step, and so on, 
until it lias made six stejis, when Rr(JVl.'>7) reaches the normal or U position. 

Jf the hundreds digit had been even, R34(C()R) and R:!4'(AIR) would not have been 
energised. r 

Oh. lU' energises and moves out of 0. COR prevented Ra from moving out of 7, when 
thg units register lir.st came to jiosition 0, because its back contact is open. RTi could not, 
therefore, re-energise and open circuit .th, to stop M07(i’l). In consequence HI’ has to make 
ten steps, from (( to 0, M07(l’l) also making ten stejis. 'Phis brings the brush carriage over 
to the odd hiindieds side of the final switch. If the hundreds digit had been 2 (units 4) Rl.^ 
and I’l wiiuld make only six stejis, but., t he digit being 3 (units 4). Rll and I’l each made 
10 stejis. 

When RL left 0, in .stcjijiing out. the additional Ht imjiul.ses it ojiened circuit (14 at 
eontacti i/ of Rk, so that Jt34 and 34' de-iaiergi.'^c. When IM' reached n for the second time 
JNTl (linal) caused R3!>(0,SR) to de-energi.se. 

70. ('onijileted over (IS. M32(Rr)) and R33(K(Jlt) energise. KIIG jirevents the re¬ 
energisation of R30(()iSR). and, as M(17(1’1) has its trijiped brushes sijuarcly on the line 
terminals, N'PI ojiens circuit (Itland l!.7!l (h’LR) energises. 

iSS M32(lt.7) moves out of jiosition 7 and, after jiassing jiosition S, ojiens circuit rill, so 
that Rott cannot re-energise from the register. 

Sequence switch Ml.'ifR') is now in jiosition tt. 

Seipienei- switch M(lt)(H2) is now in jiosition .1 (ready to move when KLR de-cnergiscs). 

Seijiienee switch M32(l-!ri) moving out of jiosition 7 to S'. 

Sequence switch M23(R4) on jiosition Itl. 

Registers RlOOtl. RlOO, RIO and KII are all in jiosition (t. 

(in. Relay Rrii)(l''LR) de-energiscs, and M(i0(R2) energises, and moves from jiosition 
.'i to ti, liril(KQR) energises. 

71. .Magnet H(M7I) energises. 

72. H2 in jiosition (1 causes R.'i!l(l<’LR) to energise. 

(10. H2(M(10) moves out of (1 towards jiosition 10. Magnet M7I(H) de energises. 

SS Rii(iM32) has jias.sed jiosition 0, so (hat circuit 40 is ojiened, and relay RR1()(GLR) 
dc-energiscs. 

73. H'(Mla) energises and moves to jiosition 10. 

74. R' is again energised ami moves to jiosition 11. R' leaving jiosition 0. ojiens circuit 
2u, tiiid 1125(1811) de energises. 

75. 88 R4(M 23j energises and moves to position 17. When R4 left jiosition 13, R2(i(IGR) 
dc-cnergised, so that when Rfi reached jiosition 18 and R14 reached 17— • 
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70. 115 cnorgisfs and moves to position 1. K:$:t(K(!K) also energises, partly over the 

same (urcuit, hut etI^ets no alteration. 

77. ]120(AM11) energises and clo.ses eireuit 23. so that Kt energises and moves to posi¬ 
tion I. AMR. de-energises. ■ 

. '['ho register is freed and .iiade available, for anotln'r eall. 

IH. fioneurrently with the above MlofR']. in passiiif? position Kt, causes relay RIS(S'R') 
to re-energise. 'iR2(Mt)()) is also moving from jxisit.ion t) t'O Kt. After passing 7. I*..>it( 1 Llv) 
de-energises, R12(GT'R) and RI4((JT2R) also ileenergise. R2, in position H. caases 
R7S(]i'T'H ) to tesl. the line on which the final-switch hrnshes rest. 

Condition 1.- V'/ie rtilhil suhNn-ihcr's linr vile. 

78. R78(K'r'R) energises. 

.7<.t. R7!t(KT2U) eni-rgises. 

8(t. SS R2(.M(ilt) moves to ])osition 1.5. 

81. Ringing current is sent over the called line. 

82. lnt(“iTni)t<M- \V2 causes J''ldv to re-energise. 

(1(1. R2(M()(t) energises and moves (o position 13. 

Interrnpter VV2 opens eire.nit 82. and Rr>!l(l''ld!) de-eniTgises. 

83. Interrupter VV3 ean.ses KLlt to re energis('. and lv2 inova-s to posilion 11. W3 
o))ens eireuit 83. and FLH de energises 

.84. With R2 in position 14, interrupted ringing eiinent is .sent over (he called line. 

85. R2 in position 12 to 14. ItingiTig tone is given to the culling sidisu'iher to indicate 
that the called ])arty is liein’g rung. When R2 is in 12, eirtmit (11 is eom])leted, and the hrush 
ehoos(a- jM(il(l'2) is returne<l to normal. 

84. The called snhserilK-r, answering, increases (he current in the line, and relay 
]?81(R(}R) energises. 

8(1. Rp energises and inoxes to |)osi(ion 1.5, and ringing tone is cut off. The called line 
is e.xtended to the calling line oven- 85'. 

87. Relay R87(S2R') energises. 

88. M15(R’) eiiergisc's and moves to jiosition 12. The' talking eireuit is eom|iletecl. 
H' is in position 12, R2 is in position 1.5, 

Jf the. mlliil iKirljl ( v Ihr jir.sl lo n jihirr IIk- m-i‘irci\ eireuit 87 is opened, and R87(S2R ) 

de-energises. . . _ . i - o \i>\ 

73. M15(R') energises and moves to position 13. Cirenit .51 is opened, and 1151 (I'Ql^) 

de-energises. 

,8!1. M(i<t(R2) energises and move's to position 17. R:2 is eonneeted to eireuit d.i and 

movies to [losition 18. Whc'n R2 passes iiosition 17, relays FT'i; and KT2R de-energise. 

tin. When R2 reaehe.s position 18 (he hrnsh carriage magnet M(i7(IM) energises and 
rotuVns to its normal iiosition. In passing the rollers the hrnshe.' are relatehed. 

!»1. P' in normal position causes relay h'RR to energise. 

1)2. M(i()(R2) enc'rgises and moves to position I. 

1)3. Magnet M71(K) energises in parallel with M(i))(R2). R2 in position 1, relay 
R5!)(FLR) and holding magnet M71(M) de-energise, so that the (inal switch is now free. 
The, caUii)(j sul>Kc.filier rlearx. ^ ^ ^ 

(.'irenit 18 being opened, Rl8(S’ll') de-energises, t.hen eireuit, 87 being opened, RS7i82R') 

de-energises. 

48. ]\TI5(R') c'liergises and moves to position 17. 
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it-l. ctuTgisi's and moves into its normal position..resetting the brushes as it 

pas.ses the roller. . ' 

!).'■). When the liriish earriage reaelies the home position K14((J’]'2Jt) energises. r’(!(Mon) 
de-energises. < 

!)(■>. 11' energises and imoes to jiosition Is. t 

!I7. AirgitHti) energises. It 1 l((;T:il!) and JIti now de-energise. 

When It' left position Itt and reaehed M. circuit 17 was i-lianged over ^o eireuit 17" at 
contact 0. K17'(L('lt) de-energises alter It' leaves ))osition 1.7, so that lor two positions of 

]{' (11 and lo) !Mi volts were apjilied to It I7"(SM), causing it to meter the elill. 

A11.7(11') is in position Is and cannot receiv i- a fresh call in this jaisition. Its eomjmnion 
eord is in i)osition 1, see inset (h'ig. I Hi) on same sheet, and when this takes a. i-all ami its 
Itti moves Old over iiosition 1. etc., it eonipletes the following cirenit - 
!IS. lt:i(ll'.I.S) energises and moves from position 7 to In. 
tin. Iw! in Jiosition il.t, ltS7(S21t') re-eiiergises. 

1110. M17(lt') re energises and moves to jiosition 1. In this position it mav take a call, 
S2H' being de energi.sed. 

When It' left Jiosition 1.7. cirenit 17" was ojiencd. so that It 17(('(>lt). ]tl7''(S.M) and 
It H l7(Lli'lt) d(' energi.sed. Tims It' cannot return to position I unless its com|ianiou cord 
has taken a call, and is husv. 

(tonditlon 2. Tin ('(tllniij sKli.'n'rlhcr cl(’<ir''< Jir'Sl. 

The ojK-rations are as di-serilicil as Jar as j\11a(lt ) is conci-rncd. e.wi-pt that, circuit .il 
being ojicned when 112 is in position 1.7. ll.7l(Ft^lt) de energises and causes 112 to move to 17. 

101. ltri‘l(l''Llt) re-energises. 

102. Lamji .AL glows. Until the called siihscriher clears this lamji continnes to glow, 
the tiiial switch testing busy. When the suhsiriher docs clear- lt.7'.l( l-'ldt) di-energisi-s, 
eatising the linal switi-h to go to jiosition 1, as hetore. 

Condition .1. 'I’hc siih.'^crilici' f/oc.s- iidI icjih/ 

The (-ailing siihsi-riher (-l(-ais w hell It'is in jiosition II and 112 in 14. (-ii(-uit l.S is oja-n. 
causing KIS(S It') to deenergise. 
lOtl. It lo:t(NJ\llt) (-nei-gises. 

104. Holding cii-(-uit for XAIJt. Ciri-uit 17 is ojiem-d. and It 17(('Olt). It 17'(L('lt). and 
JtH 17(ldrit) d(--em-rgise. frei-ing Hie tirst lim- limh-r without (-aiising metc-ring. 

10.7. It' moves to Jiosition 17. and It lo:!(N.M It) d(--energis(-s. r’(l(.M.7(>) moves home 
over ( ireuit 04. It 1 l((iT2ll) tlii-n i-m-rgisi-s over (-in-iiil <*.7, and the (-onm-i-tion is cleared, as 
,h(‘fore des(-rihed. 

Condition 4 .—The rolled xiihxrriher i.s hntoj. 

M1.7 (It ') is in Jiosition 1 1. and i\l(i0(lt2) is moving from position 0 to lo. ovum- circuit. Oo. 
R2 in S tests the line, hut l{7K(FT'lt) do(-s not energise over cirenit 7!S ; (-onseipiently when 
H2 i-eu(-lies 10 it (-eases to move, and liiisy tone is given to the (-aller over eireuit 100 
and Ha. 

Xow wli(-n the caller rejihu-i-s the receiver the (-l(-aring is similar to that deserihed for 
(-(indition tl. ex(-ej\* that l-t.2 is in position HI insti-ad of 14. 

JU jiassing 12. K.71(FQU) de-energises. andlt2m(iV(-s to jiosition 11, over eireuit SO. 
00. PI r('turns to normal. 

01. With 112 in II and PI in home jiosition. FLlt energises. 
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92, 93. H and R2 enorgisc, the latter moving from position 11 to 12. H and FLR 
de-euergise when R2 leaves 11. , 

With R2 in position 12 P2 returns to normal. 

89. R2 continues to moi'e to position 17. and in position 17 switelies in eireuit (>."> and 
nipves to position 18.* • 

fn position 18 FLR re-energises over eireuil 91. U2 moves from ])osition 18 to 1 over 
circuit 09, whenFLR de-<‘nergises and frees the liiial switch. 

Several circuits on th<‘ diagram have not been di'serilKsl. These are ])rovided in eon 
nection with ju'erftature release conditions, dialling sjx-eial levels, etc,, and it is thought ea,n 
he readily traced. 


Section 56 

EXPLANATION OF W. K. (XL SYMBOLS USED IN ROTARY SYSTEM 
DIAGRAMS (Fig. 117), AND NUMBERING OF THE .S\VTTGII-B.\NKS. 

U represent?; the magnetic clutch of a sc(picncc switch, or tlic sc([ue]|ce switch itself. 
The R is sometimes sullixed with a letter or a nundicr to distinguish the <litjerent .sci|uencc 
switches used in the same [ .’rt of a cir(aiit. as fipr instance, l!(l, 1! F. I! I. etc. 

A n‘j)resents the " A " contact of the scppicncc switch and the niimhers shown above 
the lever X are the positions in which the " A contact is open, that is, Ihere is 

no contact between the levc-r X- - 
and t!ie spring V. 

A seiiuencc switch has 18 
l>ositions at an eipial ilistance of 
20 degna-s apart. ^ 

The normal or "rest" position 
is 1, and when It starts out Ironi I, 
it closes the " A ’ contact im 
mediately after starting (from 
3 degrees to 4 degrees) and remains 
closed until it apjiroaches the next 
stopping position, and 21 degrees 
to 4 degrees before the act ual jiosi- 
tion it; reaelK'd, the contact opens ; 

3 degrees to 4 degrees afU'r starting 
from position I, “A contact 
closes and remain.s closed until 
2J degree to 4 degrees before jiosi- 
tion 2 is reached, then if started 
out from position 2 ll closes again iif? A *' contact and it rcinMins closed in positions 3-and 
4, and opens only just before posit ion o is reached, etc. 

A register iscepresented with the same symbol as the seipience s\i'itch R sufhxc'd with 

A.T.S. 
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pi. 

— V ^ 
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X 
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Kio. 117.-- Aim'ah \TtS ymmoi>; in W'- K. <’<>. s UoTiiiY 
SXSTKM ni\(.a\MS. • 
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a niinilicr (•(im'S|»(>iuliiiK to flic (licit it cdiitrols, as for iiislaiico, 11!(»()() c(.iiilrols the thousands 
digit, IIKMI controls the hundrctls digit, etc. Tlic A contact of a registe-r is named with a 
small letter “ a, ’ all other contacts are nained with the .sjiiall letters " h, " “ e." etc. 

J1 re|)resents one of the IS sets of contacts (other than " A") of a. se(juence switch, 
whi(di are nained hy the l(‘tters from 1! to S. 

The moving sjiring \ may make contact either with sjiring X orZ. 

The niimliers aliove .N sliov( the posit ions in which there is contact between Yard X 
and those below Z show the position in which Y makes contact with Z. A contact closes 
1(1 degrees before the actual jiositioii and o|)ens 7 degrees after the (lositiiih, as for instance, 
if a contact is elo.sed in [losifioii 1, it has been elo.sed idready lb degn'cs before the siapiencc 
switch reached iiosition III. and will remain elosi'd until 7 degri'cs after jiosition 1 is left. 
A contact might be closed in more than one position, as shown for the lower " ]> ' contact, 
which closes 10 degrees belore position 4, and I'cmains closed until 7 degrees after [losition .7. 
that is. it is closed in 1 and .7 or 4 plus .7. In the drawings, all the contacts belonging to a 
certain seipienee switch, with all the apparatus iimh'r its control, are scjia,rated with dotted 
lines. 

I’2 represents the winding ot the magnetic elut(!h of the trip spindle of a group switch 
and (inal selector, or the tiip spindle itself. 

L\T2 re|)ri‘,senls (he (rip spindle interruptiT. When the trip sjiindle (IT’) is in its 
hoinr position, the ('(iiitaets Z, W, are open, as soon as the Ikdiu Jiosition is left Y and Z 
make contact ;pid remain closed until l’2 ret urns again t-o its/nmie jiosition. Ka,eh time I’tl 
makes a steji. W toiiehes Z (w hieh is itself elo.sed iijioii Y ). w hen Y’ is on t he top of the toot h. 

I’l rejire.seiits the winding of the magnetic ehiteh of (he brush carriage of a groiiji switch 
and linal selector, or (he brush eairiage itsi'lf. 

(11 N'r rejireseiits the iiiterrujitcr eontaet of (he brush carriage of a. groiiji sw itch. When 
the brush carriage (I'l) rotates. \ makes eontaet with (lie toji of a tooth of the toothed rack 
Y', when the brushes are eentreil ujioii (he corresjioiiding (.(‘rminals. then' is no eontaet 
between .\ and Y'. When (he brush carriage is in its lioinf jiosition. .\ rests ujion the liiniii- 
contact Z 

The interrujiter contact (IlN'k is sometimes called INTI. 

I.N'IT rejire.seiits the brush carnage interrujiter eontaet of a tinal selector. 

When the brush carriage rotates, each time Z is on the (oji of a. tooth of the (ootheil 
rack W. X and Y’ make eontaet, and when the brush ea,i’riage is in its Ikiihc jiosition, Z rests 
iijion the home eontaet \'. 'J’liere is no eontaet between X and Y', when the brushes are 
centred iijion (he terminals. 

.S' rejiresents a set of three brushes, \. Y”. Y’”, of a brush carriage of a group switch or 
linal selector, and a set of three terminals. X. X', .\", of a terminal are. 

11 rejiresents the winding of a holding magnet of any switch. 11 is .sometimes sullixed 
with a. letter, as for instance. 11F. etc. 

I’F ri'jiresents the w inding of (he magnetie clutch of a line linder. or the liiu' (indcr itself. 

FINT rejiri'scnts an interrujiter eontaet of a line finder. When (he brush carriage 
rofates. the interrujiter ,\ makes eontaet with the toothed rack Y' each time X is ujion the 
top of a tooth, when (he brushes are centred ujion the eoiresjiondiiig terminals, there is no 
eontaet betwr'i'ii and \. 

12 rejiresents a set of four tiruslu's, Y'. Y’', Y", Y"', of a line tinder and a set of foiii 
(.■.•rminals, X, X', X ". X”'. of an arc. 
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Thk nuaib^rim; of thk switch arcs 
L rvfl I si- <Jr. S\v. 


i> as shown in the tahlus 

Air.sM' 

2 im 1 lir. S\v. 


hulow : ' 
aoi (ii-. s\\. 


(Top) I 
2 

3 

4 


ltoc()r(lin}',((») 
lO.OOfltd t'FH'lit 
to ill.!•!•!• 
;!(»,000 lo 
-t(».0(»0 to 4!l,!ttm 


lO.tMtO to I l.'.HMI 
l^ltOOto 
14.000 to l.'i.OOO 


10.000 to lO.I!)!) 
I 1.000 to 1),)!»!» 
10,200 to 
It,200 to Ii.:tt»!i 
10,400 lo lO.oOO 


0 

7 


• .'>0,00tl to oO.OOO 

00,000 to Oit.OOO ,, 10,0o0 to 17.000 


I 1.100 to 1 I,;".!)!) 
lo.tioo lo 10,700 


s 

•I 

10 


70,000 to 70,000 

S0,0(M> to .S0,000 .. IS.lMtO to lO.OO'.l 

Infoi ination 0 


1 1.000 to I 1.700 
lO.SOO to 10,000 
1 l.SOO to 1 1.000 


The arc of tlic final selectors is iiuinlicred as shown in the ti 


hie helow 


tjr\ (4 

('I'op) 1 

-> 
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l‘‘iiial Arc. 

Isl. JIair. 

10,000 to 10.000 
10,010 lo 10,010 
10,O2(t to 10,020 

io,o;{o to 10,0:10 

10,040 to 10.040 
10.0.70 to 10.0.')0 
10,000 lo 10,000 
10,070 lo 10,070 
JO.OSOto lo.oso 
10,000 to 10,000 


2a<l lOill. 
10,100 to 10.100 

10.1 10 to lO.I 10 
lo 120 to 10,120 
lo.i.'to lo io.i;to 
10.140 to 10,140 
10.1,70 to 10.1^70 
lO.lliO lo 10,100 
10,170 lo 10,170 
lO.ISO li> 10.ISO 

10,100 lo lo.loo 


Henee*t is seen that the even hundreds innnheis are eonneeled to I he lirst hall' of the 
tertnin.al are and the odd Inindreds nuinhers in the second hall, anil l herclore t.o choose the 
units of an odd hundreds nimiher, I lie hrush earriauc «il| have lo make 10 more steps t han 
lor fh(> same unit inimher of the even Ininilri'd 

l''nnetions of the sender of the snhserihej-’s sel ■ 

The dial of the sender is nnmhered from O, I . . . 0 in a i Io(4^h ise ilireiMion, and 
when the dial is ojierated, il |)rodnees on its return lo normal mlei rnpl ions ot the eirenit. 

I’elalion hetween ih!.'ils dialled and slejipinc of machines: — 

'I'he lahle l)(4o« nivcs the relalion lielneen the (licit dialled and the stepiiiiif; of 
machines. 
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THE W. E. CO.’S “ROTARY’’ AUTOMATIC SYSTEM 


Section 57 

THE WESTERN ELECTRIC CO.’S “ ROTARY ” AUTOMATIC TELEPHONE SYSTEM 
FOR 100,000 LINES (Figs. 118^ 124 ihclu^ve) 

9 

The circuit.arc numbered as follows : - - 

1. When the receiver is lifted tt> call the line relay R' (Fig. IIS) energises. 

2. The .starling relays (CK) R2.112' energise. 

’Kie ])otential is raised at the te.sl terminal Tl on the first line-finder are of the 

grouyi. 

4. All jiower magnets (J’K) .M4 of idle lir.st-line fitiders (Fig. 110) are energised to hunt 
for the calling line ; R4 energises. 

.1. Tlu! line fimh'r who.se brushes lir.st reach the calling line extends eirc'uit 3 Iroiu 
terminal 1), so that (L'P'R) It.') energises. 

(i. Ha holding circuit, through FIN'I’. 

7. When the bru.shes are eenireil on the terminals, the interrupter FIN'I’ ojiens, and 
(LT2R)R7 energisi's. Cireuit 4 is openeil and magnet M l de-energLses. 

5. Holding magnet (H).Mh energises to faeilitali^ the slop|)age of the brush carriage in a 
centred position on the terminals of the calling line. Relays RH. R8'(('J{') energisi'. 

!i. A ]iarallel cireuit to 8 to raise the potential of the test terminal H. 

1(1. Should, it hapjien that all (he first line linders are bu.sy. all circuits 4 will be o))cn, 
and R4 will not energi.se. and lain)) L(iL will glow, 'i’his indieati-s that there are no availid)]c 
line tinders. 

Should the brushes of two line tinders reach the tenniuals of the calling line simnl- 
(aiK'ously. and both IW relays energise, l)oth l!7’s then energise and lower the ])oteutial on 
terminal I), and (he R.Ts at(ein))( to release. If one R.'i releases before Ihi' other, (he latfer 
will hold with the increased einTent. Jf both de-i'iiergise. then the line will be taken by any 
other line finder. 

Second Line-finder (Fig. I2n), 

11. When R8 and RS' energised (hey eomplelcd a circuit in which RII'((jR) and 
Rll(CLR) energise. 

12. Power magnet j\n2(rF) of the si'cond line linders energises over scfjuence switch 
contact 111, and the bru.sh earriagi's of all idle second line finders rotate. 

1.3. The .second findiT (hat. first, reaches the terminals of tlie bu.sy first tinder extends the 
. circuit tl from terminal H, and Ri;t((lT'R) energises over tU -\- .3 r)f R'l.M Hi) and B!) -j- lOof 
R3(IV124). 

14. I’aralhd circuit through FINT t.o lower potential at terminal H to make it busy to 
all other hunting second finders. 

1.3. When the bru.shes of the seeonil tinder are centred, FlNl' opens and R15({1T2R) 
energises. Cireuit 12 is ojiened and M12 de-energises. 

Hi. Sequence switch MH)(R') energises over (T. MIO starts out from position 1. 

17. Holding magnet M17(HF) energises over BI -|-2 in jiarallel w ith MHi. 1VI17 facilitates 
the .st.op))ago of the brush carriage with the bruHhe,s jiroperly centred on the terminals. 

18. MH) immediately closes its local contact to make its energisation independent of. 
the energising circuit Hi which is ojicned at Cl after position 1, 

After position 2, contact SI -f 2 opens circuit 11 and Rll de-energiscs(. 
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19. MK) iiujiosition 3 i^losPsO;} -j-13 and R19(C()R),R19'(LH'R) and R19"(GSR) energise. 
The meter SM does not energise. Circuit 1 isrojiened and the line relay R' de-encrgi.ses. 
Circuit 4 is opencfl to de-energise ail hunting (irst (inders. Cireuif 7 is ojienetl and R5 and 
R7 de-energise. Befove RT de-energised R19' had alreach' de-energi»eil, so that the power 
magnet could ixjt re-en<-rgitfe, although th<- R2 rc'hiys are again eiUTgised hy another line 
relay of the same grouji. 

Circuit Irris opened and R13. R15, M8 and Rs' de-energise. (Jirctiit 11 is opened and 
Rll dc-energistji (of ai! the second hunting lindeis). Circuit 12 is opi'iied and M12 de¬ 
energises and all hnish carriages cease to r<aatc. • 

Tf no connecting circuits (Rig. 120) are availahle for the further e.xlcnsion of the con¬ 
nection Rll'fCR) will not energise. 

. 20. Lain]) CL glows to indicate that no <'onnceting circuits are availahle. 

21. R21((1XR) energises. 

• 22. R22(S'R.') energises over L2 4 and J3 -|- -1, 

When sequence switch MltifR') ari-ives in position 4 and opi-ns its A contact, it hccouies 
ile-encrgised and ceases to rotate. 

■ Should the hrushes of two second (inders I'cach tla* terminals of the lirst Under siinul- 
taneousiv, and hotli R13 relays eni-rgisc, the jiotential of terminal H will he lowered so that 
both relays cannot remain energised after MIti left position I and opened its 11 contact. 
The Rl3’s, and then the Rl.o's will ile energise. 

22'. When ilfHi jia-'-es position 2, both relays l!22'(X.MIt) onergisc.ilniI prevent the 
energi.sation of Rl!»", when sequence switch Allti re.iches position .'I, .so that the calling line 
is not made busy until .seized hy another sei'ond (indcr. 

23. Holding circuit of R22'(NM I!) over 03 ■ 1.'!. 

The sequence switches of the twn connecting circuits return to normal, as will he descrihed 
later. , 

Sequence Switch .\124(R3) hunting for an Idle Register (Fig. I2U). - 21. Se(|uence 
switch Ml(i(R') in jiosition 4. A124 energises over sequence contact. 1)4, also 14 of Ml(>, and 

B9 -p 10 of A'I24. and starts hunting for an idle register. 

2.J. If the register connected in position 1 is free then, w hiMi .M2t jiasses ])osition I j- 2, 
R26(AMR) and 1113((2r'R) energise over 111 ; 2 of .MIti, Cl of M2I, 1*4 ! oof MlO, and 
B -J of M24. Circuit lo is again completed and Rl.o energises, thus lowering the ])otential at 
contact C, and niahing the register immediately busy to other .sequence switches M24. 
Ill") o])ens the energising circuit of .M24, hut it continues to rotate over its local contact A. 

2(i. When M24 arri\ c.s in position I after having opeiK'd B 1, and closed Bl, .MIti eneiir 
giscs over Bl of .M24 and advances to jiosition o. 

, When .MIC left jiosition 4 it ojiened circuit 22, and R22 dc energised. 

27. M hcn MIti reached position o. R27(ISll') energised over the dialling tone coil DTC,', 
monitor's circuit, (not shown), 01 of J124, L.7 -I 9 of MHi, through snh.scriher's instrument, 
.15 -f 9 of MIti, LI of J124. 

28. Sequence switch A12H(R4) (Fig. 124) energises over Bl and advances into jiositjon 3. 
When M2H closed its local cii-cuit A(29'), it estahlish(>d a circuit in jiar^llel to the, holding 
circuit of R25, and when the .sequence switch left position 1, ojiened the circuit 28 of R26, 
80 that when Bl 2 ojK-ncil circuit 25, R25 de-energised. The cirfuits of R13 and then 
R15 were opened, and these relays de-energisod. 

29. When M28 reached jiosition 2, the 10,000's register, M29, energised over 1 2 3. 
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30. Circuit in jmriillcl with 20. 

31. Another circuit in parallel w ith cirf uits 20 and 30 in which R3I(ASK) energises. 

32. R31 is (luick acting, and comfdctcs the previous circuits indeiiendently of K27. 

33. JVI20 rotates and closes its local circuit, thus short-cJircuiling circuit 29 of the 

differentially conuected relay R2!). which now energises. M20'arriving in jiosition 1 opens 
its local circuit and de-energises. 'I’he o])cning of cinaiit 33 opens circuit 34, and R31 
de-cnergises. ' 

35. When the .se(pience switch M2S reaches position 2, the dialling toyc is transmitted 
to the caller over N2 ; 3. to indicate that the register is ready to receive iinj)ulses. 

30. The register gnanl lamp glows over M2 - 11 of M2K, and remains glowing until the 
register is returned to normal. 

If tw(i sccpiencc switches .M24 simultaneously connect with tlic same register, and.the 
RJ3 relays of ))oth connecting circuits hecome energis<'d, then the ixitential at I he terminal 1) 
is lowered so that, when R ] ol 1\124 opens, the relays R13 and Rio of hoth connectiLg 
circuits remain in the circuit with their low resistance windings only. The relays in 2 >arallcl 
do not receive siillicicnt current, and K13 de-energises .iiul then 111.5. VA’hen .M24 reaches 
jMj.sition 1 and closes its 151 contact, the circuit of iVI21 is re-estal>lished and the hunting 
se(|uencc switches continue to rotate as descrihed. 

It is assumed that the numher to lie calhal is 42,035, and this is reached through the 
selection of the . 

fifth level on the iirst group switch (h’ig. I2lt). 

'I’hird ,. ., second , (Tig- 121). 

I•'irst ,, ., third ,, (Fig. 122). 

Fourth .. „ final ,, (fig. 123). 

Si.vth vertical row on tlu'tinaJ switch. 

When tlic iirst digit 4 is diallerl five short and one long (the last) inieirujitions of the line 
circuit arc sent. 

V\'hen the first inlerripition takes ])lace 1127 di' energises, and opens circuit 2ik so that 
1129 de-energises (hut R3S has not time to energise); R27 rc-energises after the interi'ujition 
and completes cin-uils 29, 30 and 31. 

37. RSI energising completes the energising circuit for the ten thousands registcj' M2!l, 
which starts old from position I, closes its local circuit 33, short-circuiting the low resistance 
w inding of R2!l, w Inch energises. .M29 reaching jiosition 2 opens circuit 33 and comes to rest. 
When circuit 33 was opened the holding circuit 34 of R3I ojiened, so that that, relay 
dc energised. 

At the heginning of tin- sccoiul interruption 1129 de energises, if 1131 has dc-cnergised as 
jiri'viously descrihed. and the energising eireiiit of M29 is ])re|)arcd. After the second 
ililcrruption R27 re energises, causing M29 to ste)) into position 3, also as already descrihed. 
Each time R27 energi.scs the register responds and steps to the next position and, finally, 
when the lifth interru|ition is over and R27 energises. M29(R19.9dO) steps into jio.sition 6, 
and when the la.st (long) interruption hegins, R27 de-energises long enough to'energise the 
slow relay R3S(LIR). 

3h. R38 energises over 1)3. 

39. R25(AMR) energisi's and completes circuit 2H to energisi- M28. R25 remains 

energised, if R27 has already de-energised and opened circuit 38, to de cncigise R38. The 



AUTOMATIC TKUEIMIOXK SYSTEMS 


107 


energising ciri'ujt 39 of R24isthen <)|)en and M28(H-)) moves from position 3. and advanecs 
to 6, under the control oj d-v loeat rirciiil 2ti'. l{2."i.remains energis('d until l’3 o))ens and In'eaks 
the eirenit 41) of R25. 

41, M24(R3) in position 4 iVl4l(Kl.OOt)) energises over 14 | ti, with parallel 

oireuits 29, 3t), 31 as hefort- deserihed, and advanees into position 1. 'I’he ilifferential 
relay R29 remains energised as before. I’he register is then ready for the thousands 
impulses. • 

W hen the ealler dials the digit 2, seven short and one long interruptions are prodneed. 
At the lirst interruption R27 de-energises, tlien lt2'.) (eir< nit 2!) opened). \Vhei» the lirst 
interrnjdion is linished 1127 re energises, and M4I steps into jiosition 2, and will continne to 
advaiK'e eaeh time R27 energises. Finally when the .seventh short interniption is over the 
register will sto)) in position H, and when the long interruption takes [ilaee, and l!3.s(Lllt) 
energises, and in turn i!2r), ]\I23(I14) advanees to position x. 

• 42. Whei\ ])osition 7 is reached M42( I! IttO) energises over .17-j-- S. <>nd steps into position I. 
The parallel eirenits 29. 3t). 31 are completed as betore, 1129 energises. The register is then 
ready for the hundreds impulse. 

When the ealh'r dials the hundreds digit o. nine short and one long interruptions are 
made, w hieh advance R 11)0 into ])osition I). When t he long interruption begins to take place 
M2K becomes energisetl. and advances into |)osition I I, as pre\ ionsly ile.seribed. 

43. In jiosilion 9 l\143(ltl()) energi.ses over Ko [- I I. and jiarallel eirenits 2!). 30. 31 as 
before. IMt) sti'ps into position I, and J!29 energisi's The register is rea(I\ to receive the 
tens inijmlses. 

When the lens digit 3 is ilialled si.\ short and one long nilerrnptioiis are sent, i-ansing the 
tens register to step to posit ion 7 and .M2S( l>4) to advaiiee to position 13 

44. In position 12 M 14(111') energises over K 12 -| 13, and eirenits 29, 30. .31 are eoni- 
jileted. Ill’advanees to position l.and 1129 energises. The r-gister is reailv to receive thi' 
units inijnilses. 

When the ealler dials the units digit a, four short and tme long interrupt ions are sent, 
and the It F register advances to posit ion a, whili' i\12'S( lU ) steps to posit ion lb. where it stops 
n]ion the opening of its A contact. 

Stdection of the Ten Thoinsands. - \ller the ten thousands iin]inl.ses have been 
sent in told M2S(I! I), adi .incing to position li, arrives m 1 ; 

4b. .M4b( h’t'l!) energi.ses in parallel with 40 

4ti. .M4t)(ll.b) energises in parallel with 4b, oii-r t'l ol .M tO. M j 0 of ,M2S, and M4ti 
.■iihalices into position , 

47. I!47(( )l)l!) energises o\ er H 4 ■ lfiof.M2s. 

^ W hen .M40 arrives in position 3. and opens its eontaet, its power magnet and 1!45 
de-enei'gi.se, .so that it .slops there. 

45. ll)l(i;bK) and 1;4S(S1I!) energise over \b 0 of .MI0(l!'). h’l of M24(l!3), 1,^3 of 

M4()(l!b). 1147 de energi.ses and prepares the register eirenit for the control of the stopping 

(if the t rip s|iin(!le of the lirst group sw itch 

49. Mlli{}f') energises over t'b. and advanees into position 0, whej-e it slops on the 
opening of its A eontaet. , 

bt). 'I'lie tri|i-s])indle inagnet ,ll.b()(J’2) energises over Fli and slartj to rotate. lt*eloses 
the ZV eontaet of its 1XT2 inlerrii])ter, which will remain closed milil the return of the trip 
sjiindle into its ftome position. 
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.■)1. On tlic first closnn- (if \VZ of iNT2 Kll energises over >!(>, and slwyt-circuits R4K, 
which (le-eiK'rgises. 

.■|2, Rl(l,(»00(M2i)) energises over /il 4 - il and LiJ of M4()(Rr)), and in ])arallel thereto, 
circuit 47. *■ , 

Another circuit in jiarallel witli '12 and 47. R47 lieiiif^difUrentially connected does 

not energise. Hri.’f energises. 

New energising circuit of iM2!h whicli starts from ])osition (i and closes its a contact 
(circuit thus short-circuiting tlie low winding of R47. R47 now (Miergises. When M2!) 

arrives in position 7. and de energises on ojiening its a contact, circuit "itt is ojiened and Rfi:! 
de-energises. R47 then deenergises, as the first short-circuiting of R4K is over, wlien it 
re-energised and opened eirenil 47. 

When the second short-circuitinn of lifs hegins. tind it d('energises. .M2!) stcjis .into 
position S. M'hcn the third short eireniling takes place M2!) .stejis into position !), and on the 
fourth short-eireuiting it stejis into positioti I). « 

.‘iti. When the fifth short-eireniting begins to take place and J!4S de energis(‘s. MtOfRo) 
energi.ses. 

07 , R45(F(‘I>) energises in parallel with .M Iti over 1)3 of li'i, eO of M2!), L!) of Rr> and in 
Jiarallel tlu'reto eirciiit 47. over H4 - Iti of R4. 1147 does not energise. 114ii (^jiens the 

funduinental eirenil 4,H. I\l4(i starts from position 3, and advances to jiosition 4 and, elositig 
its A contaet, .short-circuits the low icsi.stanee winding of 1147. which energises. When A14li 
iirrived in 4, and ojiened its A contact, the holding circuit of 1145 was ojicned, and M4(i and 
114."i d(‘ eiK'rgi.se. 

Hunting of the First Group Switch (.Fig. 12ii).—As soon as the fifth closure of 
iN'r2 is over 111 I((1LI1) de energises, as eireint IS is open iind opens circuit ■'"it) of M.”iO(l’2). 
whi(4i de-energises, and the trip spindle stops after having made five steps. 

.'iS. .M I li(l!') energises over t,)li > 7 and advanei's info posit ion 7. 

."i!). 1111 energises over 1’7 s !). Cl of M24(I13). (<4 | 15 of .M2S(I14). t^iretiit oS is 
o|ien. and M Hi de-energises in )iosition 7 upon the opening of its .'V contact. 

IK). Power magnet of hrnsh earriage .Mti(l(t’(«) eiK'i'gi.ses over F7 j S. The hrnsh car¬ 
riage rotates and. when passing the trip s|iin(lle, the lifth set of hrushes ari' unlatched. 
'I’he earriage eontiniu's to rotate, sweejis over the tierminals of the fifth level of the are. 
te,sting tor an idle second group switch. 

til. When idle terminals are reached, hatterv is eonneeted over III of se(]Uence switch 

M(I7. 

■ ti2. In parallel to til, l{li2((U,lll) and ltl3((JT'll) energise over terminal iind hrnsh K, 
(17-j 12 of .Mlti, 15 ' 7, HI of 113. Circuit It is then clo.se(l through (IINT, fherehy 
lowering the jiotential at terminal K, to reniU'r the second gronji swiU-h busy to any other 
,liutding lii-st group switches. When the hrushes are centred on the terminals, GINT ojiens 
circuit 14. and circuit 15 is extended to energise R 15((1T2R). 

Cireuit (10 is ojieiu'd and MtiO de-energises. M l(i re-eiUTgis(>s in circuit Hi overC7 -( 8. 

,03. Parallel eireuit to 10, in which holding magnet M03(H(.l) energisi's, -iver B7 -f- !). 
HG facilitates the stojipage of the brush carriage with the brushes centred on the terminals. 
MIO (darts from position 7 and advances into position t) (jiassing over positi'in 8), where it 
s(<ij)s on ojiening its (\ contact. 

Double Test on the First Group Switch.—Should it hajijien that the Ivjo hunting 
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first group switches reacli»tlie terminals of the same sei^ond groiij) switch sLmiiltiineously, 
and their respective ItKl relays become energised, llien the Ilia's, ami cause the advance 
of the sequence sw’iteh MHi of both eonnectiiig circuits from position 7 into H, the 15 j 7 
contact o(R>ns after 7. and the K.l:t relays of both connecting circuits in parallel remain in 
circuit with their low windiil^s. The potential at terminal K is then so lowered that relays 
J113 de-enf'rgise and, in turn, the KI5's, When MKi arrives in jiosition S. its energising 
circuit is openod at U15, ami both .Mlti's stop in position H when the A eontacts open. (.!ir- 
cuit on is again eom])lete<l. .Mtitt energi.ses, and the brush carriages continue to rotate ; no 
tost for a seeomf grouj> switch can be made, as the cin uit of the high winding of^he KUJ's 
is now open at I 5 -( 7. 

ti4. When the resjx'ctive brush carriagt's arrive in their lunne ])ositions, 1115 energises, 
over H-S and XZ of tllX'l’. t'ircuit Hi is closed and M Hi energises. Circuit (i3 is closed, in 
parallel ti* Hi. and Mtilt energises. .MtiiJ stops the brush carriage m the home ])ositu)n, 
arid MHi stops in position !i. The ealler completes the dialling, but mi further selection can 
take idace, and no answi'r being received, the receiver is repla<’e(l to ri'lease the eonneetion. 

Selection of 'I'housands. As soon as the thousands digit has been sent in, M2H(R4) 
advaneetl into jiosilion S, 

ti5. ANti energises ovej- I'U and L7 ■ l:(, and advances into position <i. 

(iti. The fundamental (nietallie) circuit. IHi<i((!LK) ol the .second group switch, 
(Fig. 121 ),and 11 IS(SII!) energise, over .11 2, terminal and briisli .1. Xti of .\1 Hi, I'd of M2-t, 

IK), .Hi, II of M21. Kit. I'l'Ush and terminal 1 and Kl. Circuit 47 is ope'ned and 1147 de¬ 
energises. 'The register is now ready tor the control ol the .depping of the tri]) spindle of th<' 
second group switch. 

(17. M(i7(ll.) energises over I!1 and ailvanccs to position 2. 

(iS. M(iiH(l*2) energises over K2, and the trip spindle starts to rotate, closing the inter¬ 
rupter coiftaet lN'r2. 

(lil. l’4S(Sllt) is short-circuited at each step, over 12 and WZ contai l ol IXT2. IKid 
is held energised over circuit (i!>. .M4(i(l! lUOd) stciis from position s into !t and then into (I. 

7(». U()on the third close of IXT2. when Ills ile-cneigises. M4(l(11.5) energises. 

71. It 15 (aiergises in pa.ratlcl with 70 o\’cr DO. I’lt ol M2t), LO, i/O of M41, I'O. 114 -I- 10 
of M2S. 1147(01)11) energi.ses when .M20 completes its local <•ircuil. 1145 opens the funda¬ 
mental circuit 00. When the siapicncc switch M40 arrives in position 7 it sto])s there, 
on t'he o()ening of its A contact, until tin' hundreds impulses are sent in. 

Hunting of the Second Group Switch (Fig. 121). As soon as the third elosiire o[ 
1NT2 is over, 1100 ile-energi.ses, as the fundamental circuit (iO is already openeil. Circuit OS 
is open and M0S(I’2) de-energises and sfoiis, having made three steps. 

’ 72. M07(ll) energises over C2 and advances into (losition I!. 

73. M73(r’l) energises over F3 : 4 and I he brush carriage starts to rotate. On (lassing 
the triji spindle, the third set of brushes arc unlatched and M73 continues to rotate, hunting 
for an idle third group sw itch. 

74. When an idle line is found a connection is made to battery over <0 1 • •• 

75. In parallel to 74. I175((K';11) and R75'((;T'll) energise, over I’l, terminal and 

brush N and OH. , . 

70. Low resistance circuit through XY of OIXT. 

77. \yhen Ihe brushes are centred on the terminals, tllX''!’ opens, and R77((!'r2R) 



170 


•THE W. E. CO.'S “UOTAHY’■ AUTOMATIC SYSTEM 


cnni'Kisi’s. At the sanu' time tlu' ])oten(ial on terminal N is lo\<<-r('(l, ami Jhe third group 
switch ma(l(‘ busy to all other limiting seeond group switches. 

Ciroiiit 73 is o|)en<‘(l and M7;{(1’') de-energises. 

7H. M()7(R) energises. 

7!t. M7i'(H) energises in parallel with 7S, over Bli (A -j 4. .M7!) stops the liru.sh 

carriage, with (lu^ hrnshes centred on the terminals. Al(i7 advanees into position (i, passing 
over |iosition 4. In (>. 1175' is sliort-circuileil, over (Jti, and de-energises.' J{77 remains 
energised. , 

50. .Mho (1{ of the Ihinl group switi'h) energises over JU and advances into jiositioil 2, 
where it stops upon the opening of its A contact. 

51. llohling circuit of l!7r), independent of contact J’l. 

Double Test of the Second Croup Switch. Should it ha))pen that tw.o hiinling 
2nd group switches simultaneously reach the terminals of the same third groiij) switch, 
and their It7.7' relaxs energise and. in turn, the 1177 relavs. driving out the seipience swit'ch 
M(i7 from position I!. W hen, aftei' 3. contact (13 is ojiened the low windings of the two 
|{75’ I'elays aie in parallel in the connecting circuit, so that the potential at the terminaIN 
issomuch lowered that the l>7.'i' lelays de-energise, then the 1177 s 'I'he SS i\l(i7 s then 
arrivi' in position 4 and ojicn the A contacts, ciieuit 7S is then opened aiul tiu'y stop in that 
position. Circuit 73 is completed and A173(IM) energises, and the hrush earriagc continues 
to rotate, hut no test for a third group switch is ])ossihle, as the test circuit is o|)en at, (13. 

,S2. When fiic hrush carriage reaches its home jiositioii. 1177 energises oxer Hf ; .7 
and ot (JIN'r. ( irciiit 73 of .M73 is opencil and .M(i7(i’| energises in circuit 7.'-’ over 
C3 i 4. .M(i7 advances to position .'i.and no further selection can ta,ke place. I'he con¬ 

nection is then rileaseil. 

Selection of Hundreds. - .\fler the hundreds impulses haxe lieen sent in, SS .M24(114) 
has advanced from position S to II. 

S3. Ml(i(l!.7) energises oxer ’|{7. Oil ■ Hi. and advances into jiosition !(. 

84. 'I’he fundamental circuit (i(i is again completed and l{S4((ild!) energises over M | .7 
of third group sxxileh (f'ig. 122), terminal and hrush M, eireiiit (Ki, hrush and terminal L, 
.11 ■ ,■) of Ihird switch, K4S(S1K) also energises and opens ciriant 47, and l;47 de energises. 

So, MSOfU) energises oxer K I t and adxanees to jiosition o (passing over position 4), 

S(i, 'I'rip spindle magnet MS('i(l’2) euergi.scs oxer 1*1,7, starts to rotate, and closes the 
YZ contact of IX'1'2, 

t’7. When the tirst closure of the contact WZ ol IX'r2 takes jihu'c. 1148 is short cir¬ 
cuited over 1.7. I’S4 is held over circuit 87. Il ls de-encrgi.ses. 

811. l!4o and .M4(i energise in ]iarallei in circuits 70 and 71 to main sjuing of contact 
V of M4(>. thence over circuit Hit, until 7o. 71 are rejoined. K 17, etc. I!4.7 reopens the fuifda- 
mental eireiiit (iti. and ,714(1 leavi's |)osition 0 and passes to In. and closing its .\ contact 
causes the energisation of Jv47{()l)l!). 

Hunting of the Third Croup Switch (Kig. 122). When IXT2 ojieiieil circuit, i.c., 
87, R84 de em-rgised, ('irciiit 8(1 is opened and .M8(1(P2) de-energises, having made one stop, 

811', .M80(H) energises over KT) ■ (1 and advanees to jio.sition (1, 

lib, lt84((j|jK) energises over 1(1 anil N'Z contact of IXTr- Circuit 811' is opeiK'd and 
iSS M80 stops u)»on the ojieiiing of its A contact, 

in, Hrush carriage magnet ,Ml»l(Pl) energises in position (1 of 7180 of>er Kf', and the 
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brush carriage rotates. Patsing the trij) s()iu(lle, tlie lirst- set of l)ru>hes is unlatelied and the 
brushes hunt for au’idle tnmU to the final selector. 

92. When the test brush Q makes I'onlaet with ;in idle line, a eonueefion is made to 
battery over SI -j- 4 ami 114 of (he final switch (Fig. 122). 

. 92. In ])arallel witfi 92. 4t92(FFdt) energises over PI, terminal and hrush Q, and Hti 

of second group switch. R92(<)T'R) also energi.ses. 

94. Parallel einuit tlirongh Imv winding of P.92 over XY eontael of OIXT. The 

potential at lermiiial is lowered to make busy the linal switch to other hunting tliird group 
selectors. W'hen the hrnslies are centred on the terminals, (!IXT o])ens. • 

95. The ein uit is e.vU'uded through R95((n’2P), which em-igises. Cireuit 91 is ojicned, 
and A191(J‘l) de-euergises 

JKi. energises over ('(> , S, and leaves position (> and advam-es (,o jiosition 0 

mi the eloshre of its A contaet. passing over ))osition S. 

• !)7. M97(H) em'i'gises in ]iarallel with .Mstt oxer Dtl. ('ti i .S, and the hruslu’s are 
centred on the terminals 

■After po.sition l> of .M.sn, list de-iaiergi.ses. 1:92 remains energised in circuit '.>5. Whim 
the Mho arrives in !• circuit 9.") is opened at (Hi i H, and ltit2 dc energises. 

9.S. Holding circuit of P.9.") over M!) ! II 

9!). Parallel circuit to P95, in which Pdlt remains energised. 

The testiiig*circuit is prepared and the linal switch is ri'aily lor the tens digit. 

Double Test of the Third Group Switch. II two hunting third-group .snitches 
arrix'e simultancouslx on tlu' terminals of the same linal si Iceti.r. and their lv92 s energi.scj 
the potential at the terminal D is so lonercd that, nhen the R9.i s energise, the sciiuencc 
switches .Mho leave position 0. thus opening eirenit 92. when the R95 s dc energise. MHO 
then des'iiergises nhen its A eontael is opened in position H Cireuit !t| is eonipleted and 
MiU(Pl) ein'i'giscs. and the hrush carriage j'otales until the home posiliott is reached 

100. .M97(ll) atiil Pile are energised over 1)H. home eontael .\Z of CI.X'I' and t he brushes 
are stopped in the home position MHO is energised in eireiiit 90 over < '0 ; H, and advances 
to position 9. Xo further selection is iiossihle, and tlie machines nill return to normal. 

Selection of the Tens Digit, .\fler the lens impulses have heeii dialled and the 
the SS .M2H(P>1) advaneiim from iiosition 1 1 into 12 a.rrixes in 12. 

lot. M lti(P5) energi.ses o\ er CIO of R.5, .M 12 Hi of P i. and advances nto position 11. 

102. Tlie fimdaiiiental eireiiil til) H4 102 is completed ox er PI , 1 of t he final sxvitch, 

terminal and hrush D, slepping relay PtS, ,1 I I of the linal .sxxileh, and Ri02 and RlS^ 
energise. 1147 ile i'liergises, ami the register is ready to control the stepping of the linal 
switch si>indle. 

*102. M102(P) energises oxer Cl, and ailxanees into jiositioii 2, xx here it stops mi the 
opening of its A eontaet. 

104. M104(P2) energises and rotates, closing the \ Z eontael of INT2. 

105, On the first . losnre of WZ of IN'1'2, RlH is short eireniled oxer 12 t + (lfdll2 is 

held in circuit 105) P4h de energises. ^ 

lOli. MI2(P 10) energises ox-er hi ; 9. .M 1 1 and low xx inding of R47. Circuit 47 is com ■ 
jile-ted in parallel, M42 advances‘into position H. as previously deserihed. During the 
second stej) of M104, M42 jiasses to ])osition 9. At the third short-eiiViiiting of R48, M42 
returns tojiosititm 0. 
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107. On tin* fnnrtli short-inreuitiiif; M40(Rr)) energises. 

lOK. R4r)(KCK) energises in paralh;! with M4(i over Bll + IS, cO of M43, Mil, low 
winding of R47, tlien us oireuit 100 over H4 -] 1(1. and o])ens the fundamental eircuit 
(Ki f S4 I 102. M4(j(R.5) leaves jKisition 11 and advuiues to 12, and R47(ODR) 

energises. 

When ]Is'T2 o])ened. RI02(1*'LR) de-energised, (iireuit 104 ojjens and M104(P2) 
de-energises, aftjT making four ste])s. 

10!t. .M10:i(R) energises over h’2 and advanees into position 3, where it remains until 
the unit;-, im)(iilses are sent in. 

Selection of Units. After the units iin])ulses have- been sent in, M28(R4) leaves 
position 13 and advanees to l.a. 

110. .\12S on reaehing position 14 causes .M4(i(Rr>) to energise over 1)12, F>14 -|- l5 of 
M28, and advance to pi)sition I 1, where the fundameutal eireuit 00 is completed over J14 of 
K5. 'I'he opening of eire\iit 100 causes R47 to de-energise. .M I03(R) energises over and 
advanees into |)o.sition 4. wIktc it stops \ipon the opening of its A eontaet. 

til. M 111(1M) energi.ses over ('4, and the hrush carriage rotates, and when passing the 
trip s])indle, tlu' fourth set of lirnshes are nnlatehed. 

112. When the lirst short-eireuiting of R IS takes ])laee over 12 -| 4 and XV of INTI, 
1148 de-energi.ses. i 

1 13. M44(l!r) energises over 01 |- 0, M14, low winding of R47, then over eireuit 100, 
and .sle])s into jiosition 0 as already de.seriheil. Rts respondi.ig to sneeessive closures of 
INTI, <'auses RC to steji forward and when the fifth elostire of INT! takes jduee RU steps 
into jiosition 0. 

114. R4r)(J'('R) energises. 

11.7. ]V14(i(R.7) energises in ])arallel with R4.7 over 111 I ; Is. rO of RC, e!) -1 0, 1V114, 
low winding of R47, tlien as eireuit 100. R4.7 ojiens the fundamental eireuit 00. M40 

leaving posititm 14 closes its A contact, causing the energisation of R47, and advances to 
position 10. 

Release of the Register (Rig. 124). 

llti. When .M IO passes 1 11. RIIO(VIR) energises over Ku f la of M28, K14i of K.a, 
H2 -f 10. 

117. Holding eireuit of RIIO. 

Cirenit Ot) is opened and R I RtlRR) de energises, (hnaiit .78 is completed, and MIO(R') 
energises and advanees to po.sition Kt. 

118, MIO remains energised and advanees to ])osilion 11 over RlO. ■ 

When MIO left position 0. eireuit 22 is again completed and R22 eiu'rgises (.1.7 -|- Datld 
L5 -f 0 o|)en and close again in .110 13 and Lit) 1 14). 

When MlO left position !( and o))ened .17 f it and L7 -[ t). eireuit 27 was ojiened, and 
R27(ISR') de-energised. 

Hi). M28(R4) energises over Cl 7 of M28. and advanees into position 10. After position 
17, circuit 117 is o[)ened at E7 -1- 1.7, and Rl 10 de-energises. 

120. M40(R7) energises over DIO, rO of M2!), LlO, do of Mil, FIO, rO of M42, NIO, (416 
of R.t, and jidvanees to i>o,sitioti 17. 

121. R.7 is again energised over Bll 18, rO of M43, M17, G16, and advances into 
])osition 18. 
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122. .R6 is jigaiu energised over Bll -j- 18, cO of M44(RLT), fit } 0 of RU, MIS, (}10 of 
114, and advances ifilo position I. 

123. M28{R4) energises over Pl.'i-i Ui of R4 and HI of R.'i. and advances into 

position 18. • 

. 124. R4 again energises t)ver f'ls, and advances into position I. and I lie register is free 

for another connection. 

Selection'of an odd Thousands Number. -If instead of 42,•»:(."> the called nnndx'r 
had been 43,0.35* whieli eoiTcsponds on the second gronj) switch to the third level of the 
terminal arc (as in the case for an even thousands nuniher), and on the t hird groii|i switch arc 
to the second level (instead of the tirst, as in the previous ease). 

The caller having dialled digit 3, sets the Rl.OtIO register in position 7. and R5 advances 
from position 4 into ti (circuit (i.5). 

125. As R,5 ])asses jiosition 5, R125(t)1'R) (I'^ig. 124) energises mer (O of M41 and (15. 

• 120. Holding circuit of K125 over l’5 p 0, 

The .sek'ction ])roeeeds in tin* inaiini'r deserihed in eireuits (i7 to 71. .\fter the si'cond 
short-circuiting of K4S, Rl.odu stejis into po.sition tl. 

127. When the third short-eireuiting of 1148 begins, MI()(R.5) energises. 

128. R45(J'’('R) energises in parallel with R5 over 1)0, cO of M20, LO, /O of M41, cH it 
of M41, Rt), loi^ winding of R17, and parallel circuit 47, 114 p R’ of li t. R45 ojiens the 
fundamental circuit Oti, and 115 advances into |)osition 7. The trip spindle of the seconil 
group switch is stopjied io»i jiositioii corresponding to the third level (cireiii'ts 72, 77), while 
]V141(R1,0(H)) remains in position !l. 

After the hundreds digit 0 has lacn sent in. setting up M42(RIOU) in position 0. i\'140(R5) 
leaves |)osition 7 and advances to !t .MtO ojiens its 1’5 ■ 0. which opens the holding circuit 
125, and Ivl25(OTK) de energises. In position 0 of M40 the fundamental eireiiit 00 is estab¬ 
lished, and when i\l l()i(l*2) (of the third group switch) produces the first short-eireuiting of 
R48(SIK), the latter then de-energises. 

12i). iM41(RI,(M»0) eiiergi.ses over cs tl of .\141, l'’!l, rtt of Riot). Nt), low winding of 
R47, then by eireuit 100, and steps into position 0. Seipience switch .MdOfll.i), and relay 
R45(RCR) energise in circuits 70 and 71 to main spring of eontaet K, then over eireuit 81) to 
back contact of R47(OI)R), then over 70. 71 again, over the following seipience switch con¬ 
tacts DO, cO of M20, LO, i/o of M4I, FO. ro of M42, No. 1145 o|iens the fundamental circuit 
06, which stojis the trip spindle of the third group switch in a jiosition cones]londing to the 
second level. R5 advances into position In. The further jirogress of the selection takes 
place as described for the even thousands digit. * 

Selection of an odd Hundreds Diflit. -Should the called number he 42,035 instead 
of ^2,135 this will eorres|)ond to the tirst leve' of the third grou]! .switch and the fourth level, 
and the sixteenth vertical row of the filial selector are. 

When the hundreds iiiijMilses have been sent in, causing the hundreds register to stoji 
in position !», and when the .sequence switch R5 advancing from jiosition 7 into 1), jiasses 

position 8. * , 

130. R130(UDR) and R130'(.<\IR) energise over 08 of R5 and dO of R IOO. 

131. Holding circuit of R. 130' over F7 p 12. ^ * 

132. M42(R100) energises when R5 in jiosition 8.1 closes its N8.1 and over ifi) of RIOO. 
RIOO advanecs'into jioisition 0. The select ion then jirocecds as for circuits 87 to 00, the trip 
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h|)in(llc Ilf till' lliii'il griiin) switcii st()ji|)iiig in a posilinn (•oiT(‘s|ii>iy'liii}f tii the .first level of the 
terniiiial are. 

The seleetioii.s of the tens proceeds as for circuits lOi! to H),'-.. and alter the units. inipulse.s 
have been sent in, sciting up KC in position 5 and M4(i(lt')). advances into position 14. 

1 : 53 . Wlien leaving iiosition 12 it opens circuit 131 of 1030, 103(1', at P? + 12. The 
relays, however, remain energised over eirenit 133. over i/l it of IIC, 112 -j- l(i of H5. 

When 10(12 energises, after circuit 110 is conipleted. and causes the advance of the final 
seipienee switch 111103 into |iositioM 4 and the cslahlishuient of circuit III, the hrush carriage 
of the linil .switeli starts to rotate. 

134. .-M the first short circuiting of lOsfSllt). lU' energises o\er ril • 0 ol Itfl, MI4, 
low winding of 107 {circuit 17), KC steps into position (i and, respomling to the lirush 
carriage ,step])ing, the register continues to step into suecessi\'e positions uji to position 0. 
When the sixth .sJiorl circuiting (of longer duration) starts to take jilace as the hrush 
carriagi' jiasses over the long tooth on the toothed rack W of IXTI. which separates t*ie 
t wo halves of the thud lerininal arc. 1! C stepping into position 1. opens itsi/tl.l it contact. 
This o])ens the holding circuit 133 of KI3(I and Kl.3(t', foi- an interv.d siiHicient to ensure 
their de-energisation. The stejiping ciii uit at the hack of K 130 is le eslahlished and. when 
the seventh short eireuiting of KlS starts to take ])lace. the fuither stepping of KC occurs 
as previousK dcscriheil. 'f’he hrush carriage is allowed to make 10 additional steps, which 
return the KC (.0 position 0, and the hrushes sto]) U|)on the terminals of the third level and 
till' sixteenth My.tical I'ow. The J'clease of the register takes place as jireviously descrihed. 

Release of Register after Selection of an odd Hundreds and Zero 
Units Number. If the called hue should lie 42,K!0. which corresponds to the lir.st 
row on till' second half of the terminal arc, then when the caller dials the hundreds KlOO 
will he set in position it. circuit Kt(t will he closed and KI30 and KI30' will energise. ,\ftcr 
the units have heen dialled, setting KC in position 0. sei|uence switch Ka a.lvanccs to 
jiosition 14. 

I3,'i. KI3.">(MKK) enerciscs. when 11.7 passes |)osition 13 over /’ o ul KC. OKI. i/O of 
KC and 112 Hi. 

13(1. Holding ciiciiit of 11137 o\er 112 1(1. .\ltei' the units selection is o\cr and 117 

aiU ances fri uii posit ion 14 to I (1. as a lio\ e, K 14.' ol 117 is opened (circuit I 1 (1) and 111 I (1( \ 1K j 
will not energise until 117 has closed its KI7 HI. 

137. Kll(i(VlK| energises o\er Iv7 17 of 114. K7 17 of 117, 112 1(1. M 1(1(11) 

energises in circuit 7H and advances (o ])osition HI. Ky this arraiigciiicnt tlic change over 
of the connecting I'irciiit from I he register to the talking circuit is delay ed hy a t inie siiflicient 
to ensure that the contact Cl I of the tiiial switch o|)ened hefore the contacts IMKI -j 17 
and K Id 17 of !\11(1 closed. 

Testing of the Called Line (Kig. 123).- .\f(er the closure of IX'I'I is over, H I(i2(h’LK) 
de-energises, as the fundamental circuit has already lieeii opened (lollowing circuit I 17). 

Circuit 111 is opened alter the tirusli carriage has made six steps and Mil 1(1’) de- 
energ'i.ses. 

135. Cireuit l(i!l is comjileted over Ft. and circuit 13S is eompletcil in parallel over 
K4 'll. and M ltl3(K) and M 13S(H) energise. .\I 13S .stojis the hrush carriage with the hrushes 
centred, and Ml()3 closes its A contact and advances to position (1. LI ; 4 of the final 
switch opens hefore K 10 ■ 12 and 10 ■ 12 of M 1(1(11') 
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lHii. RI(I2 oiK-rgises, jvlion MIO.'J is in |)(isi(iim over (ir> i (i. Whon MIdli arrives 
in j)ositioii (i. ifti t‘«fr^isin» circuit luii is airciuly rc-cslahlislicd (»v<‘r ('(i and advances into 
position 10. 

140. Will'll MlOil passijs iiiisilion 7. and the called line is idle. U l40(l‘''r'H) eneifiises 
over the t'OIt and service in*'lcr S.M in iiarallcl, terminal and Innsli C' and (!7. 

141. J’arallcl circuit l.lironjili thi' low windinii. in which lvin(l'’r2K) energises. The 
Jiotential at tl^}' (" terminal is loweicd to make the line test husy 

142. When .MIO.'t arrives in position in. d continues to adiance to position 12 over 

150 II. It pifk.ses over posit ion II. » 

I lit. Holding circuit of I! I to. 1‘ 1 11 and ('Ol!. w hen M Io:t is in posit ion 12. over (! 12 ■ 
17, H 12 17. 

144. I'inging current to called line o\er pole of ringer, I’l2 lit hriish anil terininal 
It, rnstrnirtcnt, terminal and hrnsh KI2 14. I! 14 t( l!( 11’) docs not energise. 

^ 14.7. When the interrupter Wit closed, 1! 1 n2( l‘’Llt) energised over () I 2. M I Olt energises 

in circuit loit. over ('ll II. and adxanei'd into position lit. When leaving position 12, 
1M(I2 de energises. 

140. In position lit. when W2 closed. 11102 eiiei’gises again o\er Nllt. MIOIt re-ener- 
gises in eiri-iiit lOIt and advances into position 14. 

147, lnterru|)ted ringing eiirreiit is sent to line o\er .M 14. 

145. Tonel-irenit during the period .MlOIt is in positions 12 14. over (^12 | 14. 

140. Seeondarv eireiiit |o e.ilhng line, to (ell (hat called parlv is heing.rimg. 

1.70. When MiOIt rea.lies position 12 Ml0l(l’2| energises over |II2 I, Z\ eontaet 
of lNr2. and rotates until the home position is re.iehed where 1 .\'r2 opens, and MIOI de¬ 
energising stops III its position ol rest 

After position 4 eireiiil 02 i- opened at SI I 1!0.7 remains in ein-uit with the high 
resistance ol liOIt, and lt‘.l.7 de eiiergi.scs while ItOIt remains energised. 

1.71. .Thso (i: ol (he third switch) energises over KO II. ami advances (o position 12 
(piissiiig ov er 1 1). and stops upon t he opening ol its A eontaet, 

1.72. .Ms( 1(P2) energises over 1512 I, ^ / eoiitael of 1XT2. and the (ri]i spindle rotates 
until the home position Is reached where (Im l\ r2 opens and .M.Htl de-energises ;ind stops 
the s|)indle ni the position of rest 

.M.Sll leaving position II open- its I I II, and 1177, lieiiig in senes with the high 
resist,aliee ol II7.7 de energises while II7.7 rem.iins energised. .After positi 'll II, circuit 07 
was opened at (10 II and K0.7 de energised, while l!0H remains energised in circuit 00. 

Double Test of the Final Selector. Should il happen that the hriishes ol two (inaj 
selectors lest, the saiiie stihseriher s line sinndt.ineonsly, their 11140 relays heeome energised 
a.ud in turn the Itl 11 s. .After (17 opened, leaving the low winding of I!I40 in eireiiit only, 
the* poll-litial at the terminal ( " is s,, |,,w that (he It 140 s de-energise, then the lt.l41s. 
When the senueliee svvilelies Al 101! airive in position lo, (heir energising eirellits 100 aie 
opened, and MIOI! slops in Ihe husy position and the husy tone is transmitted to the 
caller. 

The (’.ailed I’arty answers. Whin the receiver is lifti'd to ansvver 1! 144 eiiei'gises, 

1711. .M lOI! energises ov er ('1 1 ^ I I and advances into posil ion 17. 

174. The talking eireiii^. in which ltl7l(S'lt') energises over AJIO ■ 12 of the first, 
switch, hrush and terminal .1. .Ki of the second switch, hriish and terminal M, l/,l i 12 of 
the third ,,vvitelT, hrush and terminal I’, .\117 of the linal, hrush and terminal JF, instrument, 



176 


THE W. E. CO.’S “ROTARY” AUT0M.4TIC SYSTEM 


terminal and brush A', Kl.5 -f 17, terminal and brush 0, JO tcnuiual and brush L, 
K<i, terminal and brush 1, Klb ~ 12. 

ir)5. M1(>(K') enerffises over ('ll and advances into position 12. 

Release of the Connection. -Wlicn (lie calling receiver is replaced, circuit 22 is 
opened and R22 de-energises, ('ircuit .IK is completed and M !i(i advances into iH)sition 17, 
passing over j)osition 1:1. After position 12, (17 ; 12 opened and Rl 2 and 1115 de-energised. 

15(i. The .service meter M15(i(SM) energises and regisU'rs in ]M)sition 14 pf MUi, 014 -\- 
Itl, bnrsh and terminal (1. brush and lerininal (', During the change over of 03 -f 13 to 
014 Kt'i, the circuit is opened for a short period, but 1110', being slow to release, remains 
energised. .110 ' 13 o})ens before 03 i 13 after jaisition 13. After position 1(1 014-j- 16 
opened, ami o|)ened circuit 156, and RIO M156, RlO' and 1110" deenergised. The sub- 
seriber s line is now in the <'alling eonditioi>. The line linder is now free. 1121 de-energises. 

157. In |)osition 17 of ^116, M60(l’()) energi.ses over Fl7. 117, Ill of M24.and liie brirshes 
are rota.te<l. When they })ass the rest.oring roller the set of tripped brushes are latehi'd apd 
returned to the home j)osition. 

15H. R15((;T2R) energises over 1116 • 17 and AZ of OIXT. Circuit 157 is opened 
and M60 de energises. 

160. MUi eiKTgises and advances into jaisition IS, where it waits until the seconel 
connecting circuit of t he sub-grouj* takes up a call. .M63(U(J) energises in jiarallel with Mlti, 
over 1517 ' IS. CIO ; 1 s. 117. 151 of M24, and the brushes are sto])ped in t he home position. 

161, ]M50(I'2) energises when MUI is in (losition IS over RIS 5, and YZ of 1NT2. 
The tri[) spindle lotati's until the home position is reached, when VZ opens and opens circuit 
161, to de-energise .M50. which stops in the home position. 

Normal Positions of Connection Circuits. To reduce the number of bunting .second 
line tinders, when a call is made the e(»nnee1ing eireuits are arranged in sub groups of (two, 
in sueli a way that when both are free, only one of the connecting eireuits has its se(picnee 
switch .M 16(11') in ixpsition I. while the other remains in 13 waiting for the first to b(‘ engaged. 
If we as.sume th.it the second eonnecting eireiiit of the sub grou)) has taken a call, its MUi 
arriving in position I eom|)letes the eireuits of its M24(R3), which starts t.o rotate, to hunt 
tor an idh' register. 

Ui2. As soon as this searching senuenee switch leaves its normal jiosition 10, and arrives 
in 1, it closes its SI i 0, when M24 of the eonneeting circuit (with MUi in IS) energises 
over Ills and SI i it of the hunting M24, which rotates. 

163. M2.1 when passing R1.54(S2R') energises over M15 IS of MUi, lUll of M24. 

, 164. MUi energises over (116-j IS and advances into jiosition 1. The other .M24 

arriving in U), linds its energising circuit ojien at 1)18 de-energises and stops in its rest 
position 10. It is then ready for another call. 

165. When MUi left position 12, 1162 de-energised. M67 (11 of second switch) ener 
gised over D6 and advances into position 10. Circuit 73 is then eompleteil and M73(P') 
energises over FlO and rotates. 'J’he brushi's are latched and continue to rotate until the 
home position is reached. 

166. 1177 energis(*s over 119 -f- II and .YZ of DINT. Circuit 73 is opened and M73 
de-energist'H. 

l’67. M67 energises and advances into position 1. 

168. M 79(11) energises over 1510-j 11 and then in parallel with M67 over CIO, and 
facilitates the stoppage of M()7. 
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160. Til po.iii^ion 8 of MfiT, ]V1(1«(I’2) MUTpises over RS -I 1 and YZ of 1NT2, and rotatt's 
until the home- position is roachod. 1NT2 is thon oponed, M(iH di‘-cn(>rgist>s and tho t.rij> 
spindle remains in its normal jiosition. The sis'ond proiip switeli is now ready for another 
call. % 

. 170. When M67 (Rip. 121^ left position 6. eireuit HI was ojieiied ami l>7.a de (‘iierpised. 

1180 then energises over HO y 12 and ailvanees into position 14. Circuit 01 is eomiileti'd 
and MOl enerpisies over R14 and rotati's. When passing the restoring roller, the hnishes are 
latched and the hriish carriage rotates to the home position. Cirenit 100 is completed and 
liOo energises. Circuit 01 is then opened and MOI de-energises. Circuit 06 is eoiuph'ted. 
MHO energises over C14 and advances to position 1. The Ihird group switch is now ready 
tor another call. 

171. Cirenit 00 is opened and 1402 de-energises. Mlo;$ (K of the linal switch) then 
energises ider H12 -4 17 and advances into position 17. If the called receiver has heen 
repjaeed. cirenit 171 is .still completeil at 1412 i 17, and J\11o:( advances into IH. ,\fter 
Jiosition 17, 1112 |- 17 and (il2 j 17 are ojiened (cirenit 140), and COlt. UI40 and H14I 
de-energi.se. thus freeing the called line. 

172. Mill energises wit h Ml 02 in jiosition IHover FlH.and rotates, latching the hrnshes 
on the way to the home jiosition. 

172. i'tl02 energises over OlH and Z\' of INTI. Circuit 172 is ojamed and .Mill d<' 
energises. Circiftt 102 is com|llcted and MI02 atul M12S energi.si.- in jiaralhd over HIH, CIS. 
The lirnsh carriage is stojijied in its home jiosition and the sequence switch advances tO' 
Jiosition 1. The final switeli is ready for a new call. 

Called Subscriber’s Line busy. Wlieii .seipicnce swileli .M102, advancing from 
Jiosition 4 into 10, jiasses over jiosition 7. then testing the called line circuits 140, 141, and 
linds the line liusy, the jiotential at the terminal (!' is too low for 14140 to energise and 
close circuit. 141. When M102 arrives in jiosition 10 and ojicns iis A contact, it de-imergises 
lieeause circuit 142 is ojien and stojis in jiosition 10. 

174. .4 busy tone is inducisl in the secondary of the induction coil by the jirimary over 
QIO and the internijiter, and is heard by the caller. M16 remains in jiosition II. 

The caller rejilaecs the rcciMver, circuit 22 is ojicned, and 1422 de-ciiiTgises. 

175. 1422’ energises over Q.ll- Circuit' 10 is ojiened and the calling line and the first 
linder are released. Holding circuit 22 of 1422' is conijileted over 013. 

176. M16 energises over 10 ( 14, HI of M24, and advances to jiosition 17. The machines 
return to normal and metering is jirevented. 

When 1403 and 1475 de-energised, eireuit 171 is com|ilctcd, and M102 energises over-* 
BIO and advances into jKisition II. Cirenit 172 is then comjileted and Mill energises 
over^Fll, and rotates until the home jiosition is reached. Circuit 172 is eomjileteil and 
R102 enf*rgises over 06 -) 11 and ZV^ of INTI. Circuit 172 is opened and M111 dc-energises. 
Circuit 103 is comjilctcd and M102 and M12H energise, in jiarallel over Hll, Cll d 14. M128 

stojis the brushes in the home position, and M103 advances into jiosition 12, ojieniiig, after 
11 circuit 174 s*'* ihid de-energises. In jiosition 12 the energising eireuit of M103 is 

closed over .R12 + 17 and advances into jiosition 1H. and, linally, returns to lyirmal, as already 
described. • 

Selecting a Private Branch Exchange Line (Fig. 122).- The P.B.X. final switches 
are cquijiped with the part of the circuit shown in dotted lines, and the full line marked with 

A.T.S. 
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an X from Tll(i2 to 05 ^ f* (circuit 139) i.s omitted. If the caHed .subscriber belongs to a 
IMl.X. group, then, when the brush carriage .stopped u})on the first line of the group, M103 
advancing from position 4, rcjaches position 5. 

177, If tluOirst line is idle, lll77(rBK) energises over 05 ) (>. 

17H. K141 eni'rgises, and circuit 172 is open, when MIOIJ arrives in position (i. Cir¬ 
cuit 142 is comjileted and 1V1I03 eiuM’gises over Eli -i 11, has its ema'gising circuit closed, 
and advanee.s into position 10. Hawing jtosition (>, circuit 177 is opened,at 05 j- (1 and 

PQf^ RCR GPR GLR BGR s'r‘ CRR GTzR RC RC' 



Positions of 7,"^ GR. R. 
(2-wire Trunk)■ 


1 Normal 

2 Pz Rotating. 

J pi Hunting. 

5 Pi Retumirg on Pr. Rnl. 

6 Waiting fof'3'^R to h'.ive n 
y Talking. 

If Pt Returning 



PlO. 12,1. -W. I'- I'O.'.S lioTAUY SYS’I'KM. SKI ONU (il.UUOOl* SucTOli KOII 'rW()-Ii\V(H 'I’BU.NKn. 


11177 dc-cnergises. While passing position 7, the ordinary test circuit i.s re-estahli{ihed 
at 07, the line made bu.sy, and the linal switch advances to the ringing position, as already 
described. 

Wluin M103, advancing to position fi, arrives in 5 and closes its 05 -|- (i, if th(' first 
IMl.X. line is busy, R177 will not. energise. When Ml03 arrives in 0, its energising circuit 
i.s opened, but Mill energises in circuit 172 and rotates until the next idle line of the 
grou.n is found. 11177 then energises. R141 is short.circuited over Iti and XY of INTI, 
and does not energi « until the brushes are centred and INTI opened. Ml 11 de-cuergises. 
Oii-cuit 142 is completed and M103 and MI38 cnergi.se, in jiarallel, over B4 f fl. M138 
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stops the hnif^ies and DUOS advances to 10. so testinji and inakiiifi the lint' Inisy as 
before. * 

If all lines of the group are busy the brush carriage of the linal switch will rotate until 
the last line is reached, and'there R177 will energise, whether tlu' line is iiusy or idle, as the 
(.'OR is shunted by a 430-dhrn non induetive resist.auee (not shown). This causes the 
advaneeof AIIO.I into })osition Ul, aial, while i»assing 7, tlie lest circuit \Nill be established 
over (i7. 'I’liu line being bu.sy, H140 will not energi.se. and !\l 103 will stop in the busy 
2>osition 10. Rusy tone will then be trausinittt'd to the caller. 

Connection with a Distant Office (Ki„. 125i. - 'I’wo-wire trunks are used’betweiui 
olliees. The.se are eontu’cted for outgoing service from one olliee on a |)redeterniined level 
of the first gronj) switches. At the other olliee they connect with brushes of .sc'cond group 
selectors, the other switches being as Ix'fore described When a eonneetiou is re(tnired in 
the .seeoiaf olliee. the first digit dialled causes the ti’st brush of the first swits’h lo connect, 
with an idle two wire trunk. 

IHO. Rattery is eonneeted over terminal and brush K. 

ISl. R!H0(R.(!ll) and R IHI(l’tR') energise ovi’f terminal and brush K,(i7 | 12, through 
1113, as in circuit (12, etc. 

183. I’arallel circuit to (('rmiual K. 

183. R180 holding eireuil. 

When the'thou.sauds impulses arc sent in, M4(!(l’.5) advances int.o position (>, and 
establishes the fundamental einmit. 

184. Ivl84((«bl’i) and Itl8(Sllt) do not energise over the f' lidamenfal circuit (Id 84, 
over terminal .1, LI and Nl, being in series with high W’inding of Itl 8T(R()I!), which 
energises. 

l.s.'i. Sequence switch M185(R) energises over (H and advances into position 2. After 
jiosition I, circuit 184 is opened and R18.t deenergises. 

18(1. |!i 81 and R48 now energise ov’cr L2, brush .1, fundamental eiriaiit, terminal 1 
and 1)2, 

187. M187(l’2) eiu'rgises and the trij) spindle rotal('s. 'I'lu’ further .s<'leetion of the 
(hou.sands takes pla.e(! as before deseribcil. 

188. When selection i;; completed, and (he fundamental circuit opened at the, ba.ek of 
R45(h'('R), R1SI((JLR) de energiisi's after the eontaet W'A of INT2 is openetl. (lireuit 187 
IS them opened. 

18f). SS MlSafll) I’liergises over R.2 -1 3 and advances into position 3, Rl8t (‘uergiscs 
in circuit 188 over 13 ami YZ of INT2. SS M185, in position 3, opens its eontaef and comes 
to rest. 

The hunting of the brush carriage, and the advance of the sequeiuics switch into posi- 
tioif (I takes place as in circuit 78. After select ion is over, the final switch, leaving position 4, 
causes tin- SS of the third group switch to leave posit ion 11, and R77 ((fT2K of second switch) 
de-energises (see circuit 152 and following). 

190. SS M18,5 energi.ses over I’d and advances to position 9, and closes if s M9 and K9 
eoi.tacts. * 

191. In position 7 of IV1185, R154 is in .series with R,184 and doc’s not I'nergise , R184', 
however, energises over MlO -[ 12 of first switch, terminal .1, L7 -i 9 of second (!;rouj) 
switch, K7 -|- 9, brash 1, KIO ! 12. Mid is thus kept in ])osition It until the called party 
answci’B, as alrcMly described. 
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102. When the Kubscriber answers, R102(S'R') energises ovw M9 of seqond switch ovet 
subscriber’s line and KO of the second switch. 

103. Short circuit of high winding and resistams' of R1S4. 111.51 is. however, in circuit 

101, and energises, (lirciiit 1.^5 is completed, and SS MKi advantvs into position 12, as before. 

When the caller rejdaces the receiver R22 de-energises." Circuit 101 is opened, anti 
H1K4' de-energises. 

104. R1S4 energises over JO. . 

lO.I. iSS .MIH.T energises over 150 atid advances into position 11, and returns to normal, 
as befor(*<h‘scribi'd. 

When SS MKi Icav-es position 12 and oj)ens contact (1, RlSl de-energises. RlSO 
remains energised in cinaiit IH3. 

I0(i. (!ircuit to keep trunk busy. When MIH.^) arrives in position 1. circuit lOli is 
e.xtended through the A w'ire and Jl, and R.10(){(il'R) energises. Circuit 183'is opened, 
III80 de-energises and n'-establishes the test (jinmit, and the .second switch is ready /or 
another call. The other switches ari> releasi'd as before. 

Breaking down a Local Connection for a Trunk Call. If a liiu^ is engaged in a 
local connection, bid- is required for a trunk call, the local laill is broken down by the. trunk 
or toll operator apjilying a direct earth at the test terminal C. If the line wanted has been 
called for on the local connection, 11140 and R141 are short-circuited, and will dc-encigisc. 
Circuit loo is thus completed, and Ml03 energises over h’12 | 17, and advances into jiosition 
18. (7r(aiit I7t is then conijiletcd, and Mill energises over E18 and returns to its home 
position and stops there. Ml03 finally returns to position 1, as described after circuit 173. 
The trunk of the final switch is kejit busy by the low potential at the terminal Q over circuit 
09. When the caller replaia-s the receiver, the release of the connection will f ake place as 
jireviously described. When 117.') of the third group switch is de-energised, 1193 will de¬ 
energise and the final switch is free for another connection. 

Hhould it hajipen that the calling ])artv on a local connection is wanted, then, when earth 
IS applied to the test terminal (k RIO' anil RIO" are short-circuited and de-energise. Circuit 
21 is openi'd and 1121 de-energises. 

107. R22' (Fig. 120) energises over J 10 ]- 13. Circuit 10 is ojicned and RIO, RIO' and 
RIO" are cut. off. Holding circuit 23 of 1122’ is completed over 03 -] U- Circuit 17(5 is 
com[)leted, and MKi energises over 10 - ! 14 and ill of M24 and advances to position 17_ 
jiassing over 13. (Ircuil l.'iti is ojien, and th<i booster battery is disconnected, and the inetci 

does not registi-r. The return of the machines t-o normal is as before described. 


Section 58 

THE WESTERN ELECTRIC CO.’S “CARRIAGE CALL” (Fig. 126) 

This is a very valuable adjunct on a .syst*m of mixed manual .and automatic ofiices for 
indicating, at the R inanu.al jiositions, the (lalled number dialled by a calling subscriber on an 
automatic office. The impulses arc received on registers at the automatic office and given 
out by these to regist ers ami sequence switches at the manual office, which 'cause one of a set 
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of 10 lainps a»so<;iatPtl wiUi wioli rcjristoi' switch then- to glow. The Jt operator thus reads 
the nuinhor watiteTl from tlie glowing lamp in each strij) of 10, there ht'ing as many strips as 
there are digits in the niimher. The trunks end in single eords or on ki'ys. and there is a 
calling lamj) associated wirti <'aeh plug or key to ifUmtify the trunk. 'I’hese ur<- sometimes 
associahal with B operator'f^positions plaiaal hetween inuinial o(lie(‘S and an automatic oiliee. 

To the left of Fig. 120 the terminals of the tirsl groupswitch in the automatic ofhee are 
indicated hy U .1, K. The vertical dotted line indicates the trunk line interval hetween the 
manual and the^automatie ofliee. Four tigure numhers are assunu’d for the manual otliee. 

The trunks incoming to an operator's position have access to two registers, which control 
a common call indicator e(|ui])ped with the eorrespiniding numher of lamps. While both 
regist<'rs .if an o|)erator‘s position are being set, th(' outgoing ends of I he remaining free trunks 
of tjiat jiositiiin are iirsulated hy o)ieniug the outgoing end of the test wires. This is under 
the control of two .senuence switches UO'I' and 1!()T'. The same sequence switches insulate 
the trunks of an operator's position when it is vacant. 

Other features will he pointed out when descrihing t he diagram. 

The circuits are numhered as follows : 

When the llrst digit is called and the sccpience switch of the first group switch moves to 
Jiosition 7 (Fig. 120). the hrush carria.ge I’O starts to hunt for a free trunk to the carriage 
call jiosition. 

1. Helav 1*'(FI1B) energises ovir wijier K and the following in the automatic <inice 
(Fig. 124). through OT'lv, hack of NMl! to earth (circuit Kt). when tcIVJI and I’Hllfll ) 
energise. 1'he trunk is made h.i.sy and t he seijiience sw itch (at auto.) a.dvanees to jiosition !l, 
as for an automatic connection. 

2. HoUling circuit of I!'(1’1IK). 

3. lv:ii IKJ'l!) miergiscs. Il5(y:{|‘) does not receive suilicient current to energi.se. 

4. 1{.4(VQK) energises. Short-circuit removi'd from U4'(ldf2lt), anil the latter is slowly 
energised in .series with lit. 

5. 'Phe high resistance of 111! is short eireuited and ltr>(4:}l<) energises. 

fi. 115 7.(MM)-ohm winding is in parallel with llu' 4(t0-ohm winding. 

7. Jaimji (rh glows and relays J{7(I)UH) and Il7'(l’hll) energi.se. 

S. I’ilot lamji glows, indicating trunk busy. 

t». J’ower magnet lMil(l*) of tlie hrush carriage of the line-linders of both registers is 
energised. 'Phe corresjionding In ash carriages rotate and hunt for the calling trunk. 

10. 'Phe (irst that makes eoidact with the terminals comjiletes this circuit. |{10((iT'Ji) 
energises. 

11. how resistance circuit through FIN'P to earth to make trunk liusy to the other 
hunting linmfinder. 

* 12. When the brushes arc centred on the terminals. P’lN'l' ojiens and (l'P2H.(K12) 
energi.sos. tlireuit !• is ojiened and M!>(P) de-energiscs. 

13. ('irouit for scuiience. switch JV1 l3(R'h). 

14. Parallel circuit to M13 in which the holding magnet. M 14(H) of the line-tinder is 

energised, it controls the stojiping of the hrush carriage. MI3(H'l^d advances from 
position 1 to 4. , 

15. When ajijiroachiug jiosition 3 B10((!T'B) re-energises. Circuit 11 and 12 is com¬ 
pleted, and relays K15(VPH)* B.15'(VP'R), R12((JT2R) energise, 

Ifi. iyO(V(.>R) energi.ses. 
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17. Kl() high winding in parallel with low to make it independent of VP'Il(R15'). R16 
opefied eireiiil. 7 an<l U7(l)Kll) de-energi.Med. Cfrenit it in oj)ened and tin? mfignet M9(P) of 
the other still hunting call-tinder is de-energised. 

Setting up the Registers for a Carriage Call.— Sujipo.st! the called number to be 
2,4.7.7. 'I’he cornwponding registers will be s(d in the j)o.sitions 0, .7* 5. 

IH. The fundamental cinuiit (id (Fig. 124) is establi.shed from the autornatie office. 
When lil.7{VPK) etiergises, the fundamental circuit is from battery, H.2 plus U. CLR, back 
of N.MPi. brush and terminal L, frfmf. of VPK, terminal and brush .1, through the funda¬ 
mental eiitiiit (as described for Fig. 1 Id), brush and terminal J, A wire ol^trunk, front of 
VPR to earth. 

When (he thousands im|)ulses have been .sent in and ]t.7(M4d) (Fig. 124) advances to 
position (i, closing the fundamental circuit dd, CLU energises in scries with S'lt. 

19. A11!i(lt'L) em-rgises and advances to position o. 

2d. 1? l,d0d(M20) is energised and advances to position 2. , 

21. While pas.sing ))osition 1 - - U, ( his cinaiit is e.stablished to short-circuit the stepping 
relay S'Jt, which, de-energising, causes the register r)f 111.Odd to advance into ])osition 9. 

When 151 j o[)ened aiul rmnoved (he short circuit of S'll, the latter energised and 
]>repared the regist.i'r for the n^eeptioti of the second impulse. 'J'he lamp register M20, 
Rl.dOd, continiu's to advance from position 2 to 2, and passing position 2 — i, closes its 15 
contact, again short-circuiting N'll, which, de-energising, establishes a (unhiit for 11.7 and 
F'OU in parallel (Fig. 124). The latter, energising, opens the fundamental circuit while Rfi 
advances to position 7, where it waits for the hundreds impulses to he sent in. 

When eircuit 21 op('iu‘d, |{lS(tiljll) de-energised and opened circuit 20, so that R.l,ddd 
sto])j)ed in position 4 after having opened its A contiwt, 

22, Rllt(R'lj) is again eiuTgised and advances to position d, where the se(piene(‘sw'itch 
waits for the closure ol the fundamental eircuit, which w ill take place after the hundreds 
impulses have been sent in ami R.7ailvaneed to jiosition 9. 

When the hundreds impulses have been sent in, (ILR and S'R energi.se. Cirenit 1!» is 
comj)leted through Hi ami ]\112(R'L) a<lvance.s to position 7. 

22. A122(Rldd) (>nergi.scs and advances to position 2. 

24. While jtassing 151 1, S'R is short-circuited and de-energises and causc-s the advance 

of the register Rldd to ])osition 7. When the lam[i register M22(Rldd) st<‘ps into position 
2, the register R tdd is eau.scd to stej) into jaisition ,S. When M22(Rldd) .steps into po.sition 4 
the register stc]is into jmsition 9. When M22(Rlnn) stejis into position .7 the register RKMI 
tylrcps into position ((, ami when ]V122(I! 190) steps into jjo.sition (i, R.7 and J'Xdl (Fig. 124) 
become energised. The former opens the fundamental circuit and tlu' latter advances 
into its waiting jtosition 19. 

When circuit 24 o])ens, Rl.S(tJJjl!) de-energises, opens cinaiit 22 of RIOO, which stt)])s 
in position (i after having ojiened its A contact. Circuit 22 is again eomjileted in jiosition F7, 
causing M12(R'L) to advance to iio.sition 8, where it waits for the fundamental circuit to 
be closed. 

W'hen till' tens imjmlses have been sent in and R.7 (Fig. 124) has advanced'into jiosition 
11, closing the fundamental circuit, Rl8(tlLR) and S'R. energise. 'The former completes 
circuit 18 when the .sequenei' switch advances to jiosition 9. 

. 2.7. 'I’he lamji register M2.7(R10) energise.s and advance.s to position 2. 

2(i. S'R (Fig. 124) is short-cireniti'd in the manner already described,* and causes the 
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lOOregister to advanee ini^piisition (t Wlien ]M2r>(l-! !<•) steps ititti ixisitioii U 10 (fig. 124) 
register is causfed slej) into position 7. ete. VVlien >125(1110) steps into position li,4lio 
Rlt) regi.ster is caused to step into |)ositiou 0, and wlien >125(1!,10) st^'jis into position 7, 
FOR and R5 (Kig. 124) liee^iine energised. 'I'lie tonner opens the fundanienlal eireuit while 
tile latter advances to its waiting ])osition 12. 

As soon as thi' eirenit 25 is opened, 111S((!1>11) de-energi.ses and opens eireuit 25 ol RIO, 
whieli stops in,position 7 after iiaving o)ien(“d its A contact, t'irenit 22 is again completed 
over Fit, and MKl(R'L) energises and advances into position 10, where it waits until the 
fundamental eirenit is closed. < 

When the unit inipul.ses have heim sent in. and the seipienee switch R5 (Kig. 124) 
advanced into position l-l. closing the fundatnental eireuit, l!l>S(t<LI{) and S'R energise, 
t'irenit 10 is completed over 110, and >U:!(R’Ii) energises and advances to position 11. 

' 27. >127(kC ) eiu'igises and advances to ])osition 2. 

, 2.S. S'JI is short-circuited, as Indore, and the RC register is ean.sed to .stcfi into position <>. 

When M27(Rl’) advances into |M)sition 5. the register l!l' (Kig. 124) is caused to step into 
position 7, etc. When >127(1!!’) a,dvanees into position (i. tlie register I'tl returns to position 
0, and when .M27(RC) advances into jiosition 7, KCR and R5 <-nergise 'I'hc former opens 
the fundamental circuit and the latter advances into position Iti, and the release ot the 
ri'gistcr takes place. 

When eircitit 2S was ojiened. 1!IS((J|J!) dc-eni rgiseil. Flic switch >I27(RI ) sl.ops in 
position 7 after iiaving opened its A contact. . 

Circuit 22 is completei'l over Kl I and .MC!(lt'l.) advances into position 14. 

Lighting ot the Indicator Lamps. 'Flic two register circuits arc so iiiter-coniici-tcd 
that, V hen the lam|)s glow a call, arriving Ihroiigli another register, will not advance untiJ 
the ojierator lias at.t,eii<le<l to the lirst call ; that is. if seipienee switch lt2L (of the second 
regi.ster) is.not in position Iti when the lamps glow 

If no otjier cidl is wailing, and l!2L is not in position Ki 

2t», 2!)'. .Alternative eireiiits in which .MRKlCL) energises and advances into |iosition Hi. 

20. No. 2 lamp of LI.otto glows. 

21. No. t lamji of the hundreds glows 

:I2. No. 5 lamp ot the tens glows 

22. No 5 lam|) of the units glows. 

'Flic hair glowing lamps indicate the niiniher 2 455. 

When the .seipienee switch l!'L left ])osition 14 it opened eirenit 15, and relays R15(VI’R), 
R15'(VF'R,) de-eiicrglscd. * 

24. Holding eirenit ot 1! I0(( i'l’l!). KT'I! at aiitoniatie olliee and UI2((i'F2R) remain 
energised in eireuit 12 anil is, R|.>'(\ F'l!) opened eirenit, Iti, hut Rlti(\(il\,) is held in 
circuit, 17. Lamp (.!L ceases to glow 

;t5. 'Flic calling lamp CL glows. 

211. 'Flic talking eirenit is eslahhshed. and >llti(l!') at the automat,le oltiee is stojiped 
ill position 1 ^ 

Setting ui> an*odd Thousands Number. If the called nnmhi'r had hcen 2,455 
instead of 2,455 the aiitoniatie registers would have heen set in positions 7, (i, .’>, 5, a'*!! the 
lamji indicator registers w'oulil set up the I! 1.000 switch one stcji short,hs the I! 1,000 register 
will remain in jwsition !t. But an additional step will he a.dded on the I! 100 switch, which 
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will sto]) ill |)osiiion 7. M IS(li'L) will then advance to position l(V»f the thousands indicator 
lai«ps. • ' 

:!?. No. 3 lamp of 1^1,(101) glows, 'I’he other lainjis glow as already de.soribed. 

Setting up an odd Hundreds Number.-nSlionld (he callei^ number have an odd 
hundred, the lU: swileli will make' an additional rotation. ' 

38. When passing position II - 1, R3S(DKR) energises. 

30. li3H(l)Kll) holding circuit. 

40. The corresponding lamp in the LI00 grouji glows. 

Release of the Register and Ringing the Called Party.—The operator, seeing the 
reipiiri'd iiumher disjilayed, te.sts the line wanted with the })lug eorrcsjiondiiig with the 
glowing CL lamp, and if the line is idle inserts the jilug into the jack. 

41. R41(Kl)R) and R4l'(KNR) energise. R41' opens the eireuits 7, 1.7, 1((,' etc., and 
R1(){V(.)R), R7'(PLR). ltl0((rr'R) and R13((1T2R) de-miergise, and lamp CL ceases ^o 
glow. R7' opens eirenit 3 and lamp PL cea.ses to glow. 

42. R42(NMR) energises. 

43. R42 holding circuit in which iVll3(L'R) energises and advances to position 17. 
When leaving position Iti the indicator lainjis cease to glow. 

44. Rl,000 energises and returns to its normal position 1. 

4.7. RlOO energises and returns to normal ))o,siti()n I. 

4I>. RIO returns to ?iormal j)osition 1. 

47. lU’returns to normal ])osition 1. 

48. All the regi.sters being in position 1, MI3(U'L) energises and returns to position 1. 
On leaving (losition 17. circuit 42 is opened and I\42{N.MR1 ami R22((ilT2ll) deenergise. 
The registers are ready for a new eall.J 

4!t. R41{1)KH) completed a circuit for tin' S2R1 of the connecting circuit, causing 
.S2K to energise, which in turn ea\i.sed M 10(111) to advance to t he talking position 12 Mean¬ 
time the operator has rung the called party, and, when the snhscriher answers, eonversati<jn 
takes j)lace. 

Releasing a Connection.- When the calling party re])laees the receiver the 
.•lutomatie machines return tti normal, as described for Figs. 118 -124, and tiu' message 
register (meter) operates. 

When eirenit 1 of R'(rHR) is opened at tlu! terminal K relay, R' de-cnergi.scs. Circuit 
.7 is o]H'-Ded, hut R3(Q3H) remains energised in eirenit 0. R3(H(!'R) de-energises, hut R7 

lemains energised to keep the trunk busy. 

70. Lamj) S'L glows until the (allied ]>arty elcars. 

71. When the called jiartv eh'ars, R.51(M8R) operates and lamp S2L glows, and the 
operator withdraws the jilng. R41 and R41' de-energise. R41' opens circuit .70, and lamp 
S'li ceases to glow. R41' also ojiens the circuit of R4 and R4'. The former, de-em^rgising, 
opens circuit. 5, and R7(Q3R) de-energises. The ojierator momentarily operates t he speaking 
key .to open circuit 71, and ]V1SR(R71) de-energises and lamp S2L ceases tp glow. The 
trunk is ndnrned /o normal. 

Called Party Busy.--When the called line tests Ijusy, the trunk plug is inserted into 
th(( busy jack. 

52. This circuit is completed over circuit 41, and R41' energises. Owing" to the resistance 
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of 2,400 ohms, 1141 <loes,iiot onorgiso, ami jMI(i(Rl) of tlii' (‘ouncoting circuit is kept in 
position 11. * • 

fi;!. Bu.sy t<ini- is given to the calling suhserilter. 

The remaining o])eriit^ons are as l)efore described, and when the caller replaces the 
I’cceiver the eonneetioi'i is released without metering. 

Premature Releases. -A'he calling receiver may be re|ilaeed ju.st before the n-gister 
is eonueeted ftnd cause a pr<-mature rehvise. 1{;!(1?<)'1{) de-energi.s<-s and. in lurit. H7 and 
l’7' de-energise» Lamps (IL and CL <'<'ase lo glow, and the circuit is returned to normal. 

A premature release may occur when butli registers get eonneeli'd simultalieously to 
the same trunk. Then when Mlll(H'L) li-aves position 1 and opens the eireiiil of the high 
resistance winding of (i'CH. that relay and (iT2lt de enc'rgise. 

. 54. When MLl pa-'ses position 2, I142(N.MU) energises and opens circuit 10. 

]V1L5(1!'L) energises and a.dvanees to |)osition 17. 

• .at). ]{1H(()L11) energi.si-s and ojicns the ti'st circuit, when Kl.‘> pas.ses position It, The 

I'ireuit is finally returned to normal in known manner. 

Functions of the 'Liming Sequence Switches ROT and ROT'. 

57. Wlien a position is occupied and the instrument |)big is in.serfed in the jack, 
I157((JI*R) energi.ses. 

58. The .sc^jiienee switches .M5S(|{OT) and MoilfItOT') stop in any ol the positions 4, 

Ml or Iti. when the o])eratoi's position is not occupied. UtLL is energised and advances to 
position 7. ' • 

5!t. When position 5 is reached. 1!()T' energises and advances to position 7. In posi¬ 
tions 1, 7 and Lt of l!( I'L and IM LI”, the test circuits of the trunks are closed at 1)1,7 and 13, 
or eon'•sjionding contacts of I’OT or IttLl”, Kach such contact, is individual jier trunk. 

When both regiders are being .set up. ILL and 1*2L have their eorresiionding Q contaets 
open. TIfis opens circuit 57, and (Jl’lt de-eiiergises. 

(iO. ROT energises and advances to |)osifion Id. 

til. When arriving in jxisition 8. ROT' energises and advances |.o jiosition 10. where 
all the I) and similar contacts of both .sequences are opened, thus kecjring insulaUal the 
oirerator's jiosition. -o that no new calls can arrive until the setting uji of, at least, one 
register is eomi>leted. 

02. The timing arraiigcmiMit i- made incnicieiit by throwing the XK kev, thus sbort- 
eireiiiting at 02 the contacts. 
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Section 59 

AUXILIARY CIRCUITS. WESTERN ELECTRIC CO.'S ROTARY SYSTEM 

Operation of a Dead Level Circuit. A levi^l of t<TMiiiials on ii wwiloh to whicli mt 
workiiif; wires ar<‘ eonnecled is said t,o lie a <l((id Jvvel. A eiroiiit is provided, so that when a 
eonneetion is extended to this In error some response will he obtained. Fig. 527 is a e.ireu t 
of a dead level on a two-wire sei'ond gron)) switeh. Shonltl a suhseriher ijhd a digit, that 
eatises the'seeond gronji switi h hnish to engage with a level to which no third group switches 
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are eonneeteil . then, \\ lien the seipieiiee sw iteh aih aiiei's to position I), tlie lini.sli carriage 
starts to rotate and makes contact with the terminals to which the dead level cirenit i-. 
connected. 

n. A connection is comi>leted to hatteiy. 

h. A parallel circuit to ii in which l>(/(l('l{), l\n'(IF.I!) and Huh (StiT'H) (Fig. 12a) 
energise over terminal and hrnsh N, Cl! of second grou]) switeh. Kh, heing .short-eircnited. 
(foes not energise. AIlKa (P, of second group switeh. Fig. 12.'i) advances to position (i and 
makes hiisy the trunk of the dead level in known manner. 

(■'. Circuit through interniptcr DINT. Kc{R1'(''lt'), lirnsli L. Kli. .A wire, fnndameivtal 
crrcuit titi. K4K. B w ire, Alti of ,-econd switeh and terminal and hrush .\1. When the hundreds 
impulses have heen sent in, the fundamental cirenit is closed at M4ti(J{.a) ; DINT closes and 
1{4H(SIB) energises, hut not Kc. as its windings are connected ditt'erentiujiy. For each 
opening of DINT the register makes a step, and all the regi.sters are returned to normal, 
after all digits are'in. I’lie registi'r circuit is opened and .\llli(l>') advtiiiees to jiosition Id. 
as preciously dcserihed. 

When Al 111(1!', Fig. 12(t) arrives in 1(1, and closes its ,Mlt» 12 and Kid i 12 contacts, 
circuit IttI is completid over Alltt • 12, hiush .1, B wire, circuit Idl to main spring of L 
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of M185, thpii circuit r ovcj- tiTinitml M, and a second circuit over corrcsj>onding contacts 
on the A wire (circuit 1!)I), and tiicncc by circuit r' over terminal L. R154 energises, atid 
when DINT opens the (urcuit of the second winding, itr energises. 

d. R/>(Q2H) energises. Circuit a is o|)en(al, thus leaving (iT2R of swoud switcli, Ra 
and Ra,' in series witli tire high resistance winding. (.JT2R iincl Rri dc-encrgisc. SS M1S5 
advances to jrosition It. Rl.54 de-cncrgiscs and M Hi advances to position 11. Ru' and R6 
remain energised. 

e. Lamp DL glows to indicate to an oja'rator that a suhscriher has dialleii a wrong 

number. -> 

/. A plug is inserted in the (s>rresj>onding jack and R/(ti2R2) energises. Circuit d is 
opened, and the lamp (teases to glow. 

g. R/ holding circuit. 

'I’he caller is informed of his mistake and re-dials the numher. If the caller's receiver 
is replaced first, the swilches relt'asc in the normal way, without metering, and 11/ and Rn' 
de-energisi>. Tlu' test U'rminal is kept busy until tlx' operator restores t.h(“ key. 11/ then 
de-onergises. Should the (.>])erator reston* her k('y lirst, then R/ will remain energised over 
circuit g. 'riie lamp DL <loes not glow. When t he caller replaces the receiver, the switches 
are returned to normal. ^ 

Should the caller notice anil attempt lo rectify the mistake by rejrlacing the receiver, 
the first switch group and register would release. 'I'he ditferential relay Rr would not 
energise, nor Rh, and (rj'2R of the sei'ond switch would retnain energised and hold its 
sequence switch in )H(sitioT> ti. To release the second switch, a circuit is com|)leted lo a timing 
soqucnei' switch. 

Operation of a Dead Level Circuit where all Switches are in the same Office 
(Fig. 128). If on a certain level of the 
(ir.st group switch no trunks are con¬ 
nected, then a dead level circuit takes 
their place. If a caller dials a wrong 
lirst digit, the brushes will find this 
circuit 

(«) Rrt(U'R) and RI(>((1T'I{) ener¬ 
gise over brush K, <J7 | 12 of fir’st 

switch. Another circuit short-circuits 
\id. MHi advances lo position !). 

(r) When the caller sends in the 
thousands im])ulses, the fundamental 
circuit tit! is established. 'I'hen DINT 
doses, R48(S1R) energises, hut the 
diflerential Rr does not. At each 
closing and opening of DINT, the 
registers step, and wdien all the impulses are sent in and taken out, the register roturris to 
normal, while Mlti advances to position Itt Another circuit fiU’ one winding of differential 
relay Rr is eomjileted ovit eircuif Ihl a.nd r', Allti 1- 12, brush J, and for the second 
winding of Rr over DINT 1>rush 1, Klh i 12. 11154 energises and Mill advances to 

position Itt. When DIN'I’opens, Rr energises. 
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(d) lid cnpigiscs iiiul romovp.s the .sliort-circuit about its iiigh resistance winding. Ilo 

is ftow in series with the 7.(KI0 oliins winding of lid and de-energises. Tir.54 de-energises. 
MlO then advances to position 11. * 

(>') Lamp ('lj glows at the operator’s desk. • 

(/) ’Pile operator answers by moving the curresj)on<ling Rey, and lif energises. Tlie 
lamp CIj (leases to glow. 

(g) Kolding eireiiit of H/. • 

The (londenser in the ojierator's eirenit prev(‘nts Hl.'it energising, am^ MlO reniains in 
])osition H. ' • 

When the caller re])laces tlu- n-eeiver. the eonneetion is released, as before deseribed. 
H/7 de-energises, but tin- trunk is kept busy until the operator restores the key. H/ then 
de-energises and the eirenit is ready for a new call. 

Operation of a Dead Line Circuit (l'"ig. 1-J!i). Tlie t(>i ininals on a final switch are of 

a (liseoiineeted sniiseriber are conneetM 
to a dead line eirenit. 

(u) When sueh a line is ealh-d. a lest 
eirenit is eonifileted ovn-r brush C'. thenee 
ov(‘r eirenit l td. Rl to energises and 
advances the secpienee ^sw'iteh of the 
final switch to the ringing position. 
MlOit. arriving, in position I'J. closes its 
l\I-2 j 14. 

{!)) ('ireiiit. 144 is then eoni|(leted to 
the brush A', then over eiieuit h. RI44 
and [ill energise. H144 advances MlO.’i 
into tiu- talking jatsition 15. . 

(c) HI) leinains energised in series 
with Rl lO and R.I41. 

(d) Lamp I. glows at desk. 

(e) The o)ierator depres.ses tin-eorresponding ke_\, and Re energist-s. 'Phe lamp ceases 
to glow. 

(/) Holding eirenit of Re. 

RI54 d(M*s not energise, owing to the condenser in the operator’s eirenit, and MHi 
remains in ])osition 11, 

• When the caller replaces the receiver, the eonneetion releases without metering. When 
MI03 o[)ens its (112 17 and H12 t- 1’7. the circuit at the terminal C' is oja-ned and Kft 

d(--energises. If the operator has not reston-d her ke_>'. Re remains energised over e. , It 
the operator restores the ki-y before the caller releases. Re remains em-rgised over/, until 
the caller does release. 'Phe lamp L does not glow. 
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Section 60 

THE WESTERN ELECTRIC CO.’S PANEL SYSTEM 

Development.—'I'lu- iiovolopmeii) of Iho .so-oallod panel ly})e. anfoiniitie syslein was 
started by the Western Eleetrie Co., in eonjunction with the .4ineriean Telephone and 
Telegraph Co.., about 12 years ago. Tht' development had for its object the creation of a 
system particidarly suited to large, networks. A small equipment was installed in 1012 and 
operated as pari of the New York 'rel(>j)hone t'o.’s sy.stem. A f<‘w years later,two large 
central otfiee installations were placed in service in Newark. These installations were 
subjeett'd to the most, careful investigation, and, as a result, the system was adopted by the 
Westein Electric Co. in America for largo full and semi-automatic networks. A few photo¬ 
graphs of'thc’Nowark installations an^ re])roduced in the following pages. 

The fundamental method of ojieration, that is, the. revertive control of the switches by 
registers, is the same as in the rotary .system. The. essential dilfereiua'. apart from a con¬ 
structional point of view, lies in th(‘ fact that the panel system ])ermits the use of trunk 
groups of any size u() to 100. 

PANEL AUTOMATIC APPARATUS 

Panel Selector and Finder Frames. -A ty|)icu.l panel selector frame is shown in 
Fig. 1;10. The selectors, which are. desta-ibc'd later', are located in the r'entre. On each 
side are placed the associated sertuence switches and relays. The capacily of a full frame 
IS 00 selectors, :50 on each side of the. frame. The combined capacity of the five multiple 
banks is 500 lines or junctions. 

'I'lie linder frami* is similar but smaller. The cajiacity of a finder frame is CO finders 
and 100 to 000 junctions, or lines, ilejiending uyion the trallic. Fintlers may be operated 
with or without sequence switches, depending ujion the circuit requirements. 

Each row of selector frames is ilriven by two h.p. or J li.r. motors, connected to 
the shafting through enclosed oil immersed worm drives of highest eHieiemiy. One motor 
drives the selectors on one side of the frames, and the other motor the selectors on the other 
side. 


Section 61 

OPERATION OF LINE-CONNECTING SWITCHES 

Selector Switch. -The swiiclung appliance, known as a selector, is a switch capable 
of making contact with any one of 500 seta of terminals, to which the switch has access. 
The terminals are assembled in banks (see Fig. 131), one above another on J in. vertical 
spacing, with midtiple contacits on a horizontal spacing to accommodate OO selector switches, 
30 on the front face and 30 on the bafik. The terminals appear before each switch la three 
vertical rows. The centre row is for the third wire local connection, 'the outer rows are.for 
tip and ring wiiw connections. The terminal banks are built up of flat strip.s of brass, having 
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projecting lugs along ea(!li,pdge, whi(di form the multiple contact points or terminals. Strips 
of insulating material are placed bi'tween tlu! brass strips. There are 1(10 terminals in tJich 
vertical row. •There are three rows of soldering tabs at each end of the bank (shown in 
Fig. 1M2), by means of wldcli the brass strips forming the multiple contacts an* connected 
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with the linf anil local circuits. A dose examination of the bank will show the vertical 
rows arranged in gnftips of three. As ex])lained above, each group constitutes the terminals 
for one switch. Five terminal banks arc mounted in a frame, one above another, .-(o that 
there will be a total of .()(.)0 terminals in each vertical row, and all the terminals in a row will 
be accessible to a selector switch, which is mounted in the same frame with the banks. 
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Fid. lyn.—D etaii, View of Panki. Fkame and Selector.*!. 
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DOWN DR/y£ 


As explained above, there^re enough vertical rows to aceoiuinodate .‘10 .selector switches 
mounted on the fnrnt and :10 on the hack of the fruTiie. They are mounted on 1 h in. eentres, 
the entire franns being 42 in. in horizontal length and 10.1 ft. high. The selector switch 
has five multiple brushes (s^- Fig. i;5;{) mounted on a long vertical lirush support or shaft, 
made of brass tubing \ i.i. ia diameter. The contact springs of the brushes sweep up and 
down over the terminals in the (.crniinal banks, one brush for t>aeh bank. Tlu' arrangement 
of the brush supports and brushes of the :10 switches 
mounted on one side of a frame cam be n'adily 
men in Fig. 1,13. TIm' undtiple l)anks are 
behind the brush supports, but do not show 
very well in the picture. Kight of the selector 
switches shown have their brushes in position to 
inak'e contact with the terminals. 'Phe contact 
spfings of the brushes span tlie terminals, the innei trip ~ 
two springs making contact ah.)ng the edge on each 
side of terminals in the centre row. and the outer 
springs making contact along the out(‘r edge of the 
terminals in the outer rows. 

Dowrj ORIVC 

A rack is fasteneil to the lower end of the 
brush support, ftir the pui[)osc of giving an uj) and 
down movement to the brushes.. This rack is niad(> 
of a strij) of bronze 21 in. long. an<l in. wide. It 
has a number of slots forming teeth along the 
eontre. These slots are J in. and in. high, and 
except the upiK'r tiv(‘. are on ' in. eentres, c'orr(‘- 
sponding with vertical spacing of multiple tei'ininals. ma&nlj 
In Figs. 13.‘f, the switches which have moved u]> to 
make contact with the terminals, show the racks 
fastened to the lower end of the brush support. 

The four switches in the centre have their racks 
removed. The vertical movement is acconi))lished 
by means of a magnetic, clutch pressing the rack 
against constantly revolving cork-faced rolls. Thc.se 
rolls are mounbal at the bottom of the selector 
frame, extending the whole lengt h of tlu; fi’anie. 
and are kept constantly revolving bv an electric 
motor. Fig. 134 shows the arrangmnent of clutches 
mounted on a frame. The cork-faced rolls behind 

,, , , , . , . , ll'lli. l;{|. Cm Tl II M \ONKT.s I.N- I*'U.\M1-:. 

them can be seen where the clutches of lour 1 ',vni':i. .sys-jk.m. 

switches in the centre have been removed. The 

frame shown in the picture has thre(> rolls in front ami three in the back. The two lower 
rolls on each siHe revolve in a direction that gives the rack an u|)ward motipn when pressed 
against them The top rolls revolve yi the opj)o,site direction, lo give the lacks a dow'nward 
movement, which is used to return the brush support to its normal position when a call is 
disconnected. The middle and toji rolls on each side revolve at a spei'd w hich will make fh^ 
multiple brushes sw'ecp over the terminals at the rate of fid per second. The bottom 
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roll drives iiio bruslies at a slower speed, and is used only ^or unit selection in tinul 
seTcctors. • • 

The switelies used in district, olliee. and ineoniing circuits arc arranged for only one 
up-drivc speed. Kijr. 1H4 shows tlie constrnetion of the ciut^ri) for a selecior with single 
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up drive spe('d. 'I'hc lowest magnet, when energised, pulls up the armature shown below 

the magnet. The arniatnre, through a heavy retiwdile .s])rjng, ])ulls tip a bell crank’lever, 
on the short arm of which is numnled a small roller behind the magnet coils, '('his roller 
presses against the rack and so presses the rack against the revolving eork-faeed roll. 'Phe 
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centre magnet nhown in Fig. i:i4 in iur the down drive The upper magnet is called the 
trip magnet; itTi fimetion will he deserihed later. * 

In the elut?h is a pawl, which slips over the teeth in the rack as the I'aek moves njrward. 
Tts object is to hold the raefrnp and keej) it from falling when the pressure against the lower 
r»ll is nnnoved. The luhght of the mnltijile hanks is so adjnsti'd that when the rack is 
re.sting on the jiawl, hy its being engaged in one of the ti'cth of tlu' rack, the multi|ile brush 
contact springi* will emitre on the corresponding terminals. When the down-drive magnet 
is eniTgised, the jiawl is pulleil away from the teeth, and the rack is free to take a downward 
movement from the upper roll. • 

Each selector switch has mounted in the frame, above the lop multiple bank. a. com¬ 
mutator. A brush, fastened to t he upper end of t he brush support. sweeps over the segments 
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of this commutatoi’ with the vertical movement of the brush su[iport. A view of this com-, 
mutator with brush mounted at the top of the brush su|jport is shown on Fig. 1155. 

TJie contact springs of the mnlti|)le brushes in their normal position are s|)read apart 
lo jrrevent their touching the terminals of the mnltijile terminal bank as t.he brushes swee.ji 
uji anil down. 'I'Iktc is a small (ripping lever on the brush which, when jiulled down, 
allows the .sjirings to press against the terminals. The brush (15) in the eeiitre of |i'ig. IHb 
shows its contact springs in the normal or I'cset condition. The brush (A) on the left shows 
its contact sjii^ngs iii the triji condition. 'I'lie tripjiing lever can be seen on,the centre' brush, 
just below the inner two contact shoes and on a line between them. When a. brush is 
tripped, it will remain so until j’estored to its normal condition by the ai'tion of a reset lever. 
This lever can be .seen on the left brush, shown in Fig. KJti. With the downward moveniefit 
of the briisji, jn.st liefore the brush snjijiort reaches its normal jiosition, the resetting lever 
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strikes against a bearing of the brush support, giving an upwardtpressure on.the lever, which 
resets the brush springs. At (' is sliown details of the trip rod and finger. 

From the above it will be seen that in order to select any one of the 5(J0 lines to which 
the selector has access, it is lirst necessary to trip oiie of the fivi' brushes and then move the 
brush up to the terminal desired. Directly behind the brush support, between it and the 
terminal bank, is a long vertical rod considerably smaller hi dianuder than the brush support. 
This is called the trip rod. 1 n Fig. 133 the trip rods of the selectors on the left ond of the frame 
<'an be seen behind the brush siipjiorts. Those on the right end are hidden by the brush 
supporti-,. The trip rod is free in its bearings and can be rotated about its axis. A retractile 
spring, holding a finger at the bottom of the rod against a stop, holds it in its normal position. 
There are five small trip lingers on the rixl, so jilaeed that when the trip r<.Hi is in its normal 
position the trip levers on t he brushes will pass by on one side of the fingers, as the brushes 
move up and down, without touching the fingers. Fig. 136 shows a triji finger (C) to the 
right of th(> multiple brushes, and the relative jiosition of a trip finger, with a trip lever, is 
shown in the 15 view of the right brush, which is a view looking directly down on the brush 
anil finger, with the trip rod in its normal jiosition. When the trip rod is rotated through 
an are of abouf. 30 degrees, the triji levers jia.ss by on the other side of the fingers without 
touching. The trij) lingers are made so that they can rotate on the triji rod, independent 
of tilt' rotation of the rod itself. 'I’hey are held by means of a retractile sjjring again.st a 
stfij) rigidly fastened to the rod. 'I’he lower triji finger is located on the rial at such a height 
that, when the rack resis on the jia wl wit h its highe.st tooth engaging the jiawl, the linger is 
tlireetiy ojijiosite the trip lever of the brush. If, when in this jiosition, the triji rml is rotated, 
the finger will engage the trip lever and be held against it by its retractile spring. Now, if 
the clutch is energised to drive the brush supjiort ujiward, the triji finger, having no vertical 
motion, will give a downward jiull on the triji h'ver and so triji the lirst brush, and allow 
its contact sjirings to jiress against the multijile bank terminals, as soon as the' brush is 
carried high enough to bring the terminals in its jialh. 'The second triji linger is located so 
that it can engage the trip lever of the second brush when the rack is resting on the jiawl. 
If the trip rod is rotated with the brush snjijiort in this jiosition, the lirst trip linger will 
jiass under tlie triji lever of the first brush without touching, while the second triji finger 
will lie held against the triji lever of the second brush. 

'Thus it will be .seen that any one of the live brushes can be trijijied by lirst raising the 
brush sujijiort to the reijuiied height, then letting it rest while the trip rod is rotated, and 
while theiod is in its rotated position, moving the brush sujiport upward again. The height 
to which the brush sujijiort is first raised determines which brush will be engaged by a triji 
finger. The trip lingers below the one engaging a brush will pass under the corresponding 
trip levers without, touching, when the triji rod is rotated, while those above will pass above 
corresponding triji lovers. 'The rotating movement of the triji rod is aecomjilished by means 
of a lever pushing against the finger at the bottom of the rod, and acting against the retractile 
sjiring, moving the rod through an arc of about 3t) degrees. 'The movement of this lever is 
controlled by a .sejiarate magnet, locateil on toji of the clutch. (See Fig. 134.) 

'The commutator (.see Fig. 13.5) is composed of an insulating compound, into which brass 
segments have been mouldeil. (.)n one side of the commutator are three feed bars, through 
which electrical connection is made to the multijile brushes. , The commutator brush springs, 
and t he nudtiplc brush sjirings, are connected by wires running through the inside of the tube, 
which forms the brush sujijiort, these wires being brought out at each brush. There is 
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another feed bar on the same side, whieli is connected to the central office battery, and its 
corresponding cdhtfict spring is strapped to t.lie contact springs on the otJier side of tRe 
coninmtator. As the latter contact springs travel over the segnii'iits. the central office 
battery is fed to them, onc^fter another, tlnis forming an interrupter, 'riu' segments in 
the j)ath of each spring ate, fly their construction, joined together electrically, tnit insulated 
from the segments in the paths of other springs. Each spring, with its corresponding seg¬ 
ments, thus forms a sojjarate interrupter. The obje<!t of these interrupters is to fet'd battery 
impulses over thj selecting circuit to the sender, the nund>er of im|)ulses being determined 
by the number of segments travelled over by tin brush as it moves ujtwards. The ilegmonts 
are located vertically, so that they lu'ar a very definite relation to the ht'ight the mnlti|)lc 
brushes have travelled. The internn»tt‘r used whih' brush selection takes place, called the 
A irijlerrupter, has its segments so located that when the brush suj)i)ort is in th<' jmsition to 
trip the first brush one impulse will have been sent. When in position to (rip the second 
brush, two imi)ulses will have been sent, and so on. The spacing of the segments is the 
same as the first five teeth on the rack. The spacing of the segments in the other interrupters 
W'ill be determined by the circuit in which the selector is to be uscil. As an illustration, in 
the final circuit, after brush selection has been made, the next selection is for tons. Here 
the inteiTupter used has its segments spaced so as to give one impulse for every 10 terminals 
’ travelled over by the multiple brushes. The interrupter used in units .selection is sj)aced 
to give an iinpuls’e. for every terminal pa.s,sed over by the multiph' bruslu's, while the selection 
is taking jdat'e. • . • 

It shoulfl be noted that' one of the characteristics of this sy.stem is, that the selector 
. switch depends for its movement on mcf'hanical power, separate from, hut controlled by 
• the selecting circuits. The imjiul.ses, being created by the movement of the .selector as its 
brushes move upward, measure the distance the brushes travel. As they are transmitted 
over the selecting circuit to the sender apjiaratus, they are counted by it, and when the 
desired number have been rt'cc-ived, a circuit <‘.ondition is establishcfl which releases the 
up-drive magnetic clutch on the selector. 

Finder Switch. - The fitider svitch is similar to the selector switch, described in the 
preceding paragraph, but trij) rods are not necessary since; the brushes rest in permanent 
contact with the terminals of the nndtij)le banks. Furthc-nnore, the finder switch has but 
one set of brushes, iiestead of five, which set of bnishes has a<!cess to a maximum of 10(1 lines 
or junctions. 


Section 62 

CONTROLLING SWITCHES 

• 

Sequence Switch-—This ap))liance, shown in Fig. 137, is used to .fccomplish in (he 
circuits what could be done with a darge number of relays. It has a shaft which c|in be 
rotated, and on which arc assembled about j* in. c'lpart a number of cams? Each <;am consists 
of two discs of phosphor bronze, separated by a disc of fibre. l'h(‘ three discs are securely 
riveted together and rigidly secured to, but insulated from the shaft. Pressing against the 
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Hat sides id each cam are four phosphor bronze contact springs, Awo on each face, all making 
contact on tlio same radial line, iiy entting away the bronze disc in tlic path of a sjiring, 
that jiarticnlar spring will rest on Iil)re instead of metal, and so ojjen its electriisal contact. 
'I'lius, it can l>i‘ readily seen t liat any combination of electrical vonnections between the four 
spi’ings can lie obtained for any fieriod of one revolution by cutting away or leaving the part 
of the metal itisc which passes under the contact springs a.s the cam rotates. The cams are 
divided into IH er£ual sectors of 20 degrees. Each sector is known as a position. 

The cams are assembled on the shaft with the centre of the first jiosition of all cams in 
line. When the contact sfirings are on the radial line through the centre of this ])osition, 
the switch is said to b(‘ in position 1. Whi'ii on the radial line through the centre of the 
second jiosition. the switch is in position 2. and so on for the IS jiositions. The collar on the 
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right of the shaft and the pointi'r on the right end of ttie frame indicate at any time the 
jiosition in Hliieli tlie switch rests. The switeli shown in h’ig. 127 is in position 4. 

'riie switch is mounteil witb its sliaft horizontal, and at the left end of the shaft is an 
iron disc, fastened to the sliaft by means of a Ilexible spider. Immediately to the left of the 
switch, mounted in the same frame on which the switches are mounted, is a constantly 
I'evolving vertical shaft. On this shaft is rigiilly fastened an iron driving disc for each 
sequence switch. Eig. 137 shows the manner of mounting the seitueme switches and their 
driving shaft. The outer edge of a driving disc just clears the side surface of the disc on 
the, sequence switeh sliaft. near the onti'r edge of the latter. Bidween the vcrticaJ shaft 
anil the di.se on iJie sequence switch is an electromagnet fastened to thi^ frame of the switch. 
When this magnet, called the rotating magnet, is energised, the disc on the switch is pulled 
against the driving disc, and a rotating movement is iinjiarted to the .switch by the friction 
Oi' the contacting surfaces of the two discs. 

The winding of the magnet is wired to different contact springs, according to the require- 
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mcnts of the circuit in wliic^ it is used. In a fjiven position the tnirrent to the maninet i.s fed 
through one of these et)ntuet springs and, by this intnins, tlie switch is started I'otating oTit 
of the j)osition. The object of tiiis spring is merely to start, the switcili out of the position, 
its contact being opened bc'fftre reaeliing the ne.\t position. Tliere must be some means then 
of keeping the switch revolving by means of a s|)f‘eial cam. 'rtiis cam ha,s a spring, wired 
to the winding of the rotating magnet, which keej>s the magnet energised wlicn its contact 
with the cam is closed. 'J’hc cam is cut to open this contact when the switch is centered 
in a position, bHt»it is clo.sed betw('cn ])ositions. There is also a mechanical eentrimj device, 
made by having a roller spring drop into indentations along the outer edge of tlfc special 
cam. If the circuit conditions do not require the sequence switcdi to stop in any given 
])Osition. the special cam is not cut to hav<' its spring ojien in this position, t.hus keeping 
the rotating magnet energised and causing the cam to revolve right through the position 
without stop})ing. 


Section 63 

TRANSMISSION 

« 

'The local transniLssimi circuit, for connecting witluTi the inner zone, will include the 
manufacturer’s standard r<>peating coil, and the potential of the battery supply will be the 
standard 2:$ volts. The repeating coil forms part of the connection circuit. On junction 
calls, both in and out, an additional repeating coil wall lx- introduced at the terminating end 
of the Junction, as in |)resent manual practice. 

The toll .switching tnndis will include a rcj)eating coil, which will be served by a potential 
of 48 volts. 

When a eall is e.stablished through a semi-stiburban position, the repeating coil in the 
connection circuit is cut out and, in place thereof, a repeating coil forming ])art of the first 
selector junctioji from the suburban ]»)sition is inserted in the circuit. This rejx'ating coil 
will be served by a boo.ster battery of 4S volts. 

In order that sju'c.ial junction,it necessary, may be provid<»d for a portion, or all, of 
the tandem junctions, a .scjiaratc Iranic will be piovirled for the junctions from the suburban 
position. The junctions on this frame may be a multiple of those apj>caring on tin; locij 
fraities, or all or a ))ortion of them may be independent of th<> local junctions, as above 
stated. 

The special re(pnrcment.s of loaded junction circuits atid repeaters may be met at aii^ 
future time by introducing into the other switching and suburban junctions such changes 
as may be necessary. 

l^ig. l.‘(8*s a general view of an installation of the ])anel system 
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Ir iG. 138.—General View of a.P.vnel System Installation, 
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Section 64 

ADVANTAGES CLAIMED FOR THE PANEL SYSTEM 

. Some of tile esHentfliil fc‘at<iit's of tlie system, aiuf tlie atlvaiUages <leriv(‘d therefrom (for 
both full ami semi-automatic operation), may be briefly stated as follows ; -- 

Power Drive.-- Exceptionally robust a))]iaratus. 

Apparatus*of greater range and usefulness—witness the .''>(1 to 1(H) junctions per bank, 
and the possibilities afforded by the sequence switch. 

Reliable and powerful contacts. 

Freedom from vibration. It is known tlnit vibration has a very (hdrimeiital effect on 
eiintacts and on the permanency of adjustment. 

Minimum maintenance, due to said robust construction and ])erinancncy of adjustment. 

Registers.—(ireatcr accuracy, revertive control, continuous hunting. 

Converting lost calls into delayed calls, and increasing the ability of the exchange to 
handle heavy overloads without serious (“fleet on servie-e. 

Permits hunting over large groiqis without decreasing the speed of dialling. 

Subscriber',s dial impulses into registers located in the associated office. The impulses 
are of uniform^.strength and accuracy, and are not affected by the number of branch offices, 
or satellites, or di.stances between them. 

Subscrilier may dial t maximum speed during the busy hour. * 

Indefinite rejietition of impulses without decrease in accuracy, due to the fact 
that successive trunk groujis need not operate in synchronism with tlu“ calling sub¬ 
scriber's dial. 

Translation, permitting the groujiing of more than 100 lines or junctions on a .single 
switch. . 

Facilitates grouping of offices of different sizes. 

Second and third group switches may be suppressc'd in any exchange, when they are not 
needed. 

Takes into consideration the first or controlling digits <jf the number and handles the 
call accordingly. 

Sequence Switch.— Gniat flexibility in meeting diffieidt circuit conditions. 

No power retpiircd to maintain a se((tie.nce switch in any position. 

f*ositive and accurate contacts of uniform tension. 

Design.—There are no parts wdiieh can be termed jierishable. 

Every part has a long life. 

Any part easily removed, re]>aired. or adjusted. 

Every piece of apjiaratus is adjustt'd. both mechanically and (dectrically, to prescrified 
specifications. 

Each individual jtieee may la* adjusted independently, tuid when a combination of 
them are assemblec], the circuit is in operative condition with wide margins of .safety in 
every direction. , 

* Double connection pra(;tically impossible. A line or junction js made busy *001" (jr 
•002" after the instant of testing. 

Widp limits in battery jiotential permissible. 
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AIJ margins of safety are maintained willi any jtoteiitial between 44 and .'52 volts. A 
failiAe will not occur, in most cases, between limits of 40 volts and 55 volts. * * 

Apparatus is self-adjusting, that is, unavoidabb- wear will not throw the 9.pparatu3 out 
of adjustment. •» 

Service and Traffic.—Affords full ami complete supervi.sion of all semi-automatic 
connections. 

Permits ev('ry stage of a call to be investigated. 

Provides for various .systems of automatic; metering. 

Permits distribution of junction traffic to be acecurately recorded. 

Permits the operators’ handling time and .sub.scribers' drag to be analysed. 

f’ormits the average holding time to be determined at any junction point. 

Permits simple re-distrifeution of junctions to meet the variat ions in traffic. 

Reduces the effect of false calls, and subscribers' drag, to a minimum. 



Km. KU*. Dim. with I.ktteks \m> Kna |{|'> a*' n{«»r*»-^i i) for Dvm:i, s^,sTKM. Iaenhmn. 

Full Automatic Dialling. The subscriber's dial does not reepure clo.se adjustment. 

Any speed between !) and 1.3 ste^jes j)cr second is j)crmi.s.sible, A dial, wdien once adjusted 
to normal speed, will remain betwc;cn ffu'se limits for a long tinie. 

JN'o special dial .speed adjusting apparatus is recpiired at the central office. 

■With a little practice, it is possible to judge the speed of a dial Icy e\e with sufficient 
accuracy for all jcractical purjeoses. 

A'dial adju.stcd on a telephone in the .store room before in.stallation will'iiot require 
re-adjustment when the .set is installcsl. 

Frflm nunicTous observations it may be said that the diaUing tone is heard on 99"per 
cemt. of the calls in 1-5 seconil or less ; in other words, about as soon as the receiver is placed 
against the ear. After the dialling tone has been heard, it is impossible to dial too rapidly. 


AUTOMATIC TKLEMIONE SYSTEMS 


203 

• • 

« • 

This is an important advj,ntago, peculiar to a system provided with registers, and is due to 
the fact that a*r(%ister does not have to Imnt for an idle trunk. It merely has to record the 
number dialled. The subsofpient time required for hunting, and this may be noticeable 
during the busy hour, ha». nothing to do with dialling. To illustrate the advantage of the 
.system over a system -without registers, attention is called to the following table, which is 
based upon the result of numerous observations on a modern automatic system without 
registers :— . 


Ti u*ik< Itii-iy. 
I 


Kailur 


■i! wcui'.s wlim ili.illim; liiijitH 


! 

1 


,2,3 
, 3, 3, 4 


»> 

7 

8 


!> 


, 2, 3. 4, (i 
, 2, 3, 4, T), 1), 7, 8 

, 2. 3, 4. r>, 1 ), 7, 8, !», (» 

, 2, 3, 4. r>, t>, 7, 8, 9, 0 

. 2, 3, 4, 5, t). 7. 8, i>, n 


It will bc^scen that a failure occurred when the digits I, I, 1, etc. were dialled as rapidly 
as possible, each time a selector had to hunt for the second trunk, tliat is, when the first 
trunk only was busy. A.failurc occurred when dialling very rapidly a series of iligits 2, when 
the first two trunks were busy. Similarly, a faUure occurred when dialling very rapiiUy a 
aeries of digits 3, when the first three trunks wore busy. In fact, no matter what digit was 
dialled, a failure was bound to occur, if dialling was done too rapidly, when the first seven 
trunks wore l)u.sy. This table illu.strates very clearly the reason why a larg(.i group of trunks 
cannot be u.sed per level in a system not provided wit h registers. 

The above table indicates very clearly the absence of any margin at the time element 
in a system not employing registers. Anytlung w'hieh tends to increa.se the time of hunting 
will increase the number of lost calls, or what amounts t(j the same thing, will reduce the 
efficiency of the ah'eady small trunk group. In this connection, particular attention is again 
called to the detrimental effect on scrvic<‘, which the introduction of concentration switches 
would have, in case thev were used to increase the size of trunk groii[>' in a system not 
employing registers. 
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Section 65 

WESTERN ELECTRIC CO.’S PANEL SYSTEM FOR LONDOli 

(• 

The British Post Oflice Ijttve arranged to install a trial exchange office on the panel 
system in G.P.O. (South) iti the building containing the j>resent " Central ” and “ City ” 
offices. The new equipment t^ ill take all tiew lines in the area, and thereby relieve the present 
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manual switchboards, but. should the trial be successful, the existing equifunents will 
gradually be rephiced. Other offices in London are also contemplated. 

The calling numbers will be on a basis of a seven-digit number, but, to assist memorising 
and'to make the directorv number suitable for manual and automatic rvorking during the 
long transition period, the first thrc-e digits will be replaced by letters. The three letters 
will be a part of the name of an office, and will be followed by four figures. The letters to 
be used in dialling will be printed in bold type, as MAYfair 2.103, (’ENtral 7,Victoria 
3.820, and the like. * 1'he dial will be marked as shown in Fig. 130. By an examination of 
the dial k. will be seen that MAY’ of Mayfair is equivalcjit to diitlling 029, and these letters 
dialled would call into tlie Mayfair office, and the following four figures would call the parti¬ 
cular line in that office if it were an automatic oflice. While it remains a manual office the 
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2,163 win actuate sjiecial apparatus in connection with oneor more special positions, 
and^glow four lamps to indicate the number required to be set uj) manuaKy, in the manner 
• lescribed in Section 6S on “ Carriage Call ’ workijig. Pig. 141 shows how suoli a B position 
key board is arranged. 

hen for sj)eeial reasons nianuaJ oflice.s are not ecpiipped witli iKalling devices the calls 
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from manual ollici-s will br‘ jjnssed over order wiics to a special B jiosition in the autoniatic 
office, w lu're an o])crator will set uji the number desired on keys tmore particularly described 
in \ ol. 2), to complete the connection automatically. A suitable keyboard is shown in 
Kig. 14(». 

Jhe capacity of each automatic ollicc will be 10,b00 lines. The switches involved in a 
cotinection may be as shown in Fig. 142. 
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Section 66 

THE WESTERN ELECTRIC CO.’S PANEL SYSTEM 

, Apparatus and Cirauits. -L'lilortuuiili'lv ciiciiilsi llio loiunmmal system are not 
yot available for publication, but an endeavour has been made to make gootl ibis short¬ 
coming by reproducing diagrams from the available* patent sjioeilieations. These will enable 
the reader to understand the fundamental |)rinci])les, at least, and give a good i<lea of how 
certain results ea^n be attained, although it may be fouiul necessary afterwards toiiiodify the 
opinions formed to some extent, wh(‘n the official eii'cuits beconu* known. 

The circuits, generally, f()llow the lines of tin; rotary .sysb'in. 

The circuits are built up and nioditied from t ime to time as recpiired by se((uenee switches, 
horizontal^y])e. however, heiny used instead of the vertical tyjx* shown in Fig. 03. Thi* 
dial imjml.ses from the subscriber are reeeivetl on registers, as shown in Pig. 124, and these 
JOBS the eompleinent of t he im[)ulses to t he switches which, on tla* revertive control juhiciple. 
send back im|)ulses to cause tin* register to give up its impulses one by one until zero is 
reached, whcTi the sw'itehes are in the operative* po.sition. Pigs. 144 150 show a panel 

switch in eonsid(*rable detail. The groiijf switches and the final switch are of OOO lines 
eapaeity. 'I’he former antomatieally selects an idle line in groups which may have 
as many as lUO jiiK*s in each. Hanks arc* provided for live .such groups, the* banks being 
suitable for sixty switches working thereon, thiity on c*ach face. 'I’hc* tinal switches are of 
.500-liiu*s cajeaeity and. b\ these, access is given to groups of l.noo sidi.seribers' linccs. 'Phis 
n*sidt would ajcjccar to be attained, in a manner .similar to that by which the rotary switches 
seh*ct OIK* or other of tveo groups of 100 lines, that is, by translation, the* j)lus or minus train 
of impulses detc'rmining which of two groujis of final swilchc*s are to be* us(*d, when the call 
IS for an odd or (*ven hundreds number. ’Phe line* switches are of the (idling line liiid(*r type 
as bc*fore.*but like the other switch(*s th(*.s(* have vertical motion only. Details are shown in 
which OIK* of a jiliirality of bru.slK*s is tri|)])(*d. and that for the grouji only in which the calling 
line is hx^ated. Metering or registt*ring of elT(*(*tive calls has re(*eivod careful oonsideration, 
and a circuit is giv(*n show ing how three kinds of services are maiiifiulated automatically. 

It: is I'XJiceteil that further details v\ill la* availabk* for Vol. 2. 


Section 67 

A WESTERN ELECTRIC CO.’S 500-LINE PANEL SWITCH. 

One form of this is .shown in Pigs. 144 -1.50. This re.semblos the comin(*roial forms, but 
dtK*s not ndf*essari].\’ agree in detail. It consists of a vertical shaft carrying a plurality of 
sets of wipers one*for e.'ich mam^ group of terminals of 100 lines. 'Phe sets of wipers are 
eonneeted in paralh'l. 'Phi* shaft is op(*ra,ted by three driving pulleyij, (*ach capable'of biung 
clutched electromagnetically to a continuously rotating shaft. Hy one pulley the slurft is 
lifted at^a cnmjmratively high rate of .sj)e(*d over groujis of 10 s<*ts of terniinals, by another 



208 A WESTERN ELECTRIC CO.’S 500-LINE PANEL SWITCH 
W. E. CO.’S PANEL SYSTEM. SWITfR OPERATING MAGNETS. 



Front Elevation, 
































Al^TOMATIC TELEPHONE SYSTEMS 


20!» 

I • * 

at slow spee(l t)ver single sc^ls of terminals to the line wanted, and hy (he third the shaft is 
rctflrne<l to normiil. The shaft is raised by an exten.sion rod whieh run between a <-»n- 
tiniiously rotating driving jndley and an " idler " ])ulley. eleetroinagnetieally controlled, t») 
<dani]) the rod between thtvtw'o pulleys. The shaft is kept in the operative position by a 
tyothed rack on tbe driving«rod (see Fig. l-lli). 

A second parallel shaft carries tlu*trij)ping devices which bring a particular .set of wipers 
into engageineyt. I'hese are so spaced that wlmn one is in use all the othei's arc fre(> to pass 
till' triggers. This shaft is rotated snfticiently by an electromagnet (45). 

Above the sTiaft is fitted an interrupter plat'- (Fig. 147) on whieh brushes mak(i contact. 
Fig. 14tt shows a. eross-.seetion of this on th(‘ line (> (i on Fig. 147. 

'I’he line terminals are double ended so that they may be engaged by wijiers of other 
shafts plaeeil on the rear face. Fig. I4!l shows this in detail with a ]ilan of the wifiers. etc. 

The nptK*r*))arT shows a set of w'ipcrs free ... and the lower (lart a set of wii>ers in eiigage- 

nvnt with, the line terminals. Fig. 150 shows a (lerspectivc view of tbe wijiers and the 
tripjiing device. When tbe shaft is lifted, the wiper engaging ends pass freely between tbe 
lines of terminals. When tbe shaft comt's to ri’st. and the trip device is operateil. the wijK'rs 
by their own resiliency inovi' inwards and make contact with the terminals. The two inner 
wijiers make contact with the same terminal. 

The slots in the driving rod form a scale on which the jiosition of the shaft may be read, 
so that an atten4ant can see at a glance the ridativc position of the driving rod and the slia.ft. 

The antomatg’ coupling ami drii'ing device is formed as a unit which can be readily 
ilctacbed and replaced by snnjily loosening one screw. 

Further details will be dc-'Cribcd in the .sehednie of jiarts wliicli follow, the numbers on 
tbe left being tbe reference designations of the illustrations. 

1. Wiper shaft . 

2. (Inide sleeves for shaft. 

Frartie. 

4 and 5. Wiper carrier jiarfs clain|)ed to the shaft. 

li and 7. Clamjiing .screws. 

S. !l, 10. II. Kesdient wijiers insulated from carrier. Jfy the resiliemy of the sjn'ings, 
S and !l are forced towards 10 and I I. 

12. insulated shoes on wijiers. 

i;i. Insulations to jireserve sjiace rclationshiji. 

14. 15. Hi. Set of line terminals. Wijiers S and 0 both engage with terminal 15. 

17. Wijier solilering terminals. ('omu'ctions to these are cairieil in the tubular shaft, 

IS and 10. .A jiair of arms e.vtending from elaniji 4. 

20. Pivot jiin carried by IS. 10. 

' 21 and 22. Oblong jilates (i.veil to pivot 20. 

22. Hollers of insulating material fitted between opjiosite ends of 21 and 22. 

24. Triji member formed by jiii ot jiin 20. bent at right angles. * 

25. Restoring roller on 24. 

20 and 27. Integral lugs to limit the backward and foiward movement of 24. When 
levc'r 24 is in engageifient with stoji 27, tbe rolleis 2;*/ will engage the wijiers 0 and 10 re- 
sjX'cHvely, anil tbe wijiers of the set will be forced to tbe inojie ative jiosition (see iijijiv*!' half 
of Fig. 140). The jiressure of the wipers on the rollers will tend to fiiitlar elo( kwise rotation 
and jirevent accidental release. Upon slight anti-eloekwise rotation of the triji device, the 

A.t.X. 
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wiper pressure will fore'' it to iJu' ])ositi(>ii shown ii> the lower half of fio. 14!), when the 
wipers will eiigiigei with tlii terminals. 

2H. Trip rpd rotatively mounted in frame :t. 

2!). 'I'riji pins in aligiynetit on the rod at proj;ressively inereasinj; distance.', from the 
normal position of 24. apd^rraiif'ed slij^htly to one side of the line of tra-vel of 24. 

If the wiper shaft is moved upwTinls until a trip memher 24 occupies a ])osition in the 
same horizontal plane with its pin 2i). and the rod he rotat('d in a clockwise direetion, 2!) will 
engagi' with 24 and rotate the pivot pin 22, thus r<‘leasing the set of wip('rs. 

Only one tfi^ lever 24 <-an he engaged at a time. 

.'to. Sleeve near the lower end of rod 28. 

31. Spring, one end secured to sleeve 30, whi<-h tends to rotate tlu' rod 28 anti-clockui.se 
to normal. 

* 32. Kixect |)art to which the other end of spring is s<‘eured. 

33. Another ])in on sleeve 30 to he engaged hy proji'ction 34 on the pivoteil armature 
33 of the trip magnet 30. 

37. Projection to limit the play of armature 3r>. 

When the magnet 3(i is energi.se<l. the e.vtension 34 will engage with the pin 33 on the 
rod 28 to rotate it clockwise.- On the- de energi.sation of .30, the rod will he retui'iKsI to 
normal hy the spring 31, 

Means are provided for raising the wiper shaft at dilVerent speed.--, and for returning them 
to normal hy power drive. , 

3.''’. 38', 38". <'oiistiintl V rotatin}> drive ])ulley.s in alignment on one side of the eh-xa.ting 
liars 3!), 

40. 4o', 40". Idler pidleys, electromagnctieally <’ontrolled, associated th('rewith, mounted 
* in a removahk' frame on the ojipositc si<le of the liars 30. The several driving means are 

substantially alike ; hut thi- uji-drive pulleys rotate at dilTereiit f,])i-eds. and the dovMi-drivc 
pulley rotates in tlie reveisc direction. 

41. .Arms eairving an idler ])ulley, 

42. Bell-crank lever. 

43. 44. .Armatun' 43 of elnteh magnet 44. 

4.5. t'ommou pivot pin for 42 an<l 43 carried hy frame 7.'i, 7ti, 

4ti, 47. Bar 40 has iipjier end .secured to sjiring 47. 

48. Bolt to which the other end of spring 47 is attached. 

40. Nut 48 is adjusted in 42 hy this. 

.50. Ailjnsting screw threadeil tinough ai inature to keep 42 in sjiaeed relationship to 4.3. 

(51. Kinger projecting from 40 which normally rests on jirojection 32 to limit the play of 
the armaturt'. 

• VVdicn the cluteh magnet 44 is energised, the idler pulley 40 will clamp the elevating 

liar between the idler and driving jiulleys. * 

When th(' eliiteh magnet of the higli speed pulley is energi.sed, it is controlled indirectly 
by impulses created by the interruption of a circuit extending from earth, through jilatc .53, 
brush 34, corwiuetor 33, hru.sh 30 and interrupter 37. I'liese impulses may he transmrtted 
to the sending mechSiiism, not shown, w'hich may act. through a secpieftce sw’iteh, relay, 
or in jmy desired manner, to switch tfie supply of current at the desired moment, to the «lutch 
magnet of the low sjieeil pulley* or to cut it off altogetlu'i'. Th<' current*to the clutch inagiyit 
of the low speed drive mechanism will be controlled during wiper selection over a .similar 
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j)atli. with tli(' excc])tion that t)rusli ."iS and intemijrter ">!'» will he suhstitutcfd, and during 
u» its seleetinn the interrupter (i(t will take the place of th<‘ interrupter r>.h., 

til. Insulating jrlate in which the several hrushes are rigidly secured jto the yoke t!2, 
which is lixed to the ujrjxT end of the shaft 1 (see Kig. 14H). ■ 

'I’he operation of the switch will he as follows _ 

J he low speed clutch will lx* ojxx'ated to cause the ek'vation of the wiper shaft for 
wiper selection, the amount of travel, prior to the actuation of the trip icxl 2S, being nief».sured 
hy the pulsations jinxluced hy the interrujrter oil. The high speed clutch will then be 
(“iiergised to trail the wipers of the released .set over the terminals by tens, knd the low spixxl 
r'luteh will be again energised to continu(“ the travc'l by units to the desired terminal, the, 
two latter oix'iations being governed by the jiulsations pnxluced by the interrujders .'>7 and 
<H) r'esjiectivciy. When the desired terminals are reached, the upward travel of the shaft 
will be arrested by the dc-cnergisation of the clutch magnet, ami the shaft will.be belli in 
its elevated jxisition by the engagement of the pawl li.'S with the notches or openings tit in 

the elevating bar. This pawl is ... on a ihn (m e.vtending through the plate 7r. and tii, 

and is held in operative position by means of the spring tiri'. At its lower ('iid it liarries a 
]»in (>(>, adapted to be engaged by an u])war<l extension (>7 on the armature 41}', upon tin 
energisation of the down drive clutch magnet 44'. 'I'hus, wlmn relea.se is ilesired the electro¬ 
magnet 44' will be energised, retracting the jtawl till, and simultaneously forcing the bar .'!!) 
into ojx'rative engagement with tli<‘ down drive power pulley ItH'. 

-As the shaft I apju'oaclK's its normal position the brush (iS will enga|;e thi' s('gment till. 
'Phis may be used to <x»mplele a eiieuit for a se([ucnee switch, rehty, or other device. wlierel)v 
the circuit for the down drive m.ignet will be interrupted. ,\lso, the re.storing roller 25, 
on the trij) lever 21. will be engaged by the cam member 71). This will rotate the wijx'r 
controlling member in a chxkwisc direction, whereby the wipers will be fonxsl apart and ' 
sejiarated from the stationary t<-ruiiual.s, as shown in the u])|)er half of l‘’ig. 141). 

J he wijx'i' shaft is hollow and has the circuit wii’cs 71 enclosed tbereiir. Branches 
fi'om <-aeh ol these wires are extended to the .soldering terminals 17. of the eorre.sjx>nding 
wi))e)'s of the several .sets on the sbalt, thus connecting till' coiTesponding wi|X“rs of all the 
sets in mnltij)le. 1 hese wires terniimite in the brushes 72. which engage the conducting 
strips 7.5, terminating in the eondnetors 74. whereby the telejihonc eireuits ina\’ be readily 
extended to the brushes, and the correspomling brushes connected in multiple. 

'J'he driving mechanism parts are mounted in a .s(‘j>arale frame as a unit, to .illow of them 
being rea<lilv replaced by l(x>sening a singli’ screw. 

75, 7(>. I'Vaine of driving mcehanisin. 

77, 7.S, 71). Kxtetiding arms, betwei'ii wbieh are clamped the core pieces of the magnets 
:$b, 44, 44', 44". 

HI), 81, 82, Show coustruetion of bottom of frame. 

85. 84. Bent portion of 75, 7(>. forming a tapering slot. 

85. Lugs for ])lat('s 75, 7li at lop. 

81). OiKMiings in bottom pai ts of frame 5 to admit 85. 

'8), 88. Sjiring in rear of fi-ame to engage with angh' bar 88 to prove :t vibra¬ 
tion 

PI). Suiiporting members. ' 

, t)0,1)1, 1)2, !)IJ. .Vleinbers with lugs between whieh the arihature 55 is mounted b, Tne.Rj»i( 

of ])in !);i. 
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^ 94. The t'lntcli fniine i:^.secured at its lower end hy iiieaiis of a singh- screw 99, ])assi^if{ 
through the tapered slot X4 into a frame part at !t4. 

95. ('ylindi*lcal projection j)n n]»i)er end of l>ar ,‘$9. fixed in lower end of hollow shaft 1 
hy means of the spring eatili <.!(>. Bar 59 can thus he readily removed. 

• The elevating har .'hf is*mmhered 19. 20, 50, etc., 10 notches a|>art so that the relative 
jMKsition of the wipers and the (devating har may he readily known. As shown in U'ig. I4(i 
a set of wipers^^onld he found on the thirty-first set of terminals of the section. 


Section 68 

BANK AND WIBER CONSTRUCTION OF PANEL SWITCH 

The (»hjeet aimed at is to arrange the terminals in the haid\ in the most eomj)aet manner, 
to eliminate wiring hetw'een the sets of terminals of adjacent switches, and to increase tht' 
a.daptahility of the switch. 'I'he design shown in Figs. 151-15.’) is to form a hank that will 
he suitahle for eijther three or four wires |)er eireuit, and to const met the wipers so that they 
will not make eontaet w ith adjacent terminids when ])fi,ssing up and dow n h^-t ween the rov\.s, 
and w'ill make suitahle e<.n<'iet when the wipers are tripped, with the respective terminals. 

Fig. 151 is a front elevation of a pt)rtion of a hank panel with tlie contacting ends of 
the wipers outlined in position. 

Fig. 152 shows four terminal strips, and the insulating sheets hetween the strips jirrang(“d 
in sj)aeed relationshi]). 

Fig. 15i{ is a plan view of a set of termimds. and a .set of wipers for \ise therewith. 

Fig. 154 is a siih- elevalion of the last mentioni'd. 

Fig! 155 is a ero.ss section on the line 5 5. Fig. 151 shows the wipers tri])ped, and in 

transit fioin one .set of terminals to another. 

Schedule of piirts <i.s niimhered in the illustrations. 

I. 2. 5. 4, l•e))resent tin* terminal strips of a set fora line having the multipleil eontaets 
a. I), r and il respectively. The lugs or tabs on each metailie strip form multiple terminals 
of the .same eonduetor on hoth siiles of the panel, so that (‘aeh line is aeeessihle to wiptus 
or hrushes on each side. The terminals h. c and il eiaistitiite one .set, i|nd ai'e arrangeil 
in superposed relation, hut slightly staggered, so as to throw the eontaet edge of each to the 
left and right respectively of the unengaged portion of the other. 

. 'I’he ti'rminals h and il are arranged on opposite sides ot the piiir of terminals u and e, 
and are spaced laterally then'from in a manner to allow the passage of a hrush hetwiali 
each and the adjacent terminals a and r. 

5. The shaft which moves longitudinally. 

0, 7, H, 9. 'J’he wipers of a hrush .si-t. ,<\ set pi-r hank is litted to the shaft. 

10. Blocks oi' sh»es of insulating materiid litted at the end of each wiper. In a reei'ss 
is litted the wiper jiart which makPs eontaet with the terminal. 'I’he insulating siwies 10 
are of such a si/e that they hriifge the ilistanee hetweim iidjaeent terminaTs in the vertical rov^s. 

II. 'I’he conducting strij) or wiper. 

For a*three-terminal eireuit the two inner wipers are eonneetefi togtdher. 







"5 

Brush Set-Plan. 



AUTOiMATK' TELKPOOXE SA'STKMS 


21 ■> 


Section 69 

SEToUENCE switches as used on a PANEl, SYSTEM 

. • 

• The fuiietidii of the Aie(iuenee switeli (sunietiines called a steei’infi: s«iteli) is to 
autoniatieally control a series ol eireiiit ehaiifres, eillier of the same device, or of dilTerent 
devices in a didinite and |)redelernnned >e<inence. 

As shown i^l Kifjs. l.'ili—l<in, the form nsi-d in a panel system is of a. hori'/.ontal tyiie. 
A rotatahle shaft^s mounted in a suitahle frame,and discs of insnlatina' material fi^re secnnxsl 
to the shaft. On each side of each insidatinn disi- is mounted a conductinfi; })late. each 
])late heiii}' cut away to ])roviile a plurality of contact iiortions. The t«o plates associated 
with an ins','l.;^ted disc are usually electrically connected tojicthcr hy rivets. A plurality 
of s|n'inf{s or hrushes is provided for co o])eration vvith each condnctinj; disc, ami it is ohvions 
that hy projterly oitting away and arraiiKinjj, tin- jdates or contact mcmhcrs on the insniating 
dis(r any two or more of the hrushes may he ehatrically united at any stage of the rotation 
of the shaft. The swit(‘h is rotated in a manner similar to Fig. till, in <-ircuit Fig. it!>. 

The Positioning Device. 'I'his ensures that the switch will he accnrati'ly ))ositioncd 
in any one of its many ))ositions. This device e<)m]ttiscs a jnctal disc monnted on the 
rotating shaft. 'I'he disc is provided with a (luted or corriigateil edge, there heing one 
corrugation for each position of the switch. .Adaiited to cngag( these corrugations is a 
detent device, which congiriscs a. roller imumted on a resilient supjiort. ‘'rins device may 
also act as an int<'rrupler. and operate in connection with the powci' circuit of the motor 
magnet to maintain the motoi’ magnet energised, and hence the switeh in movement hetween 
positions, so as to ))revent the switch from stopping hetween positions. 'I'his interrujdcr 
device is formed hy cutting a plurality of radial slots in said disc, after which it is snta-r- 
imposed npoii a. disc of insulating material of smalh'i- diameter. \ suitahle )iair of hrushes 
’are [)rovided. one of which re.sts u[ion the crmtral part of the metal dis<’. and the othei', 
during'the rotation of the <lisc, altei'nately passes through the radial slots of the di.se and 
I'csts on the insulating [)la.te Ik'Iow, and upon the metal portions of the discs hetween the 
radial slots, thus interrupting (he circuit. 

.-(.s.sc/aW//.- 'I’he discs are provideil with sipiarc central apertur<‘s which lit over a 
sipiare section of the shaft, anil interposed hetween each disc is a spacing sleeve of insulating 
material that insulates the discs from each other, .As il is desirahle, in some cases, toelec- 
trieally connect the contact mcmlu'rs carried liy one disc to those carried liy another, tlie 
spacing sleeve of insulating material may he surrounded liy a sh'cxe of ciflulucting materki, 
which makes contact with the lower face of one disc and the upper face of another. 

.Fig. loll is part section and jiart <•levation. 

Fig. ir>7 is a sectional view taken on the line 2 2 of Fig. I.Mi. ^ 

Fig. l.'iS is a view showing the shaft with one of the insniating discs thurcon, and (he 
conducting plates arranged for engagement with each side ot the disc. 

Fig. 15'^ is a, detached jierspective view showing the mounting hraeket for a hrufli .set. 

Fig. Hitt is a perspective view of the positioning device detached. , 

'I’he following is a schedule of paits eorresponding to the .'vmhols shown in the illus- 
tra{ions :— . • 

1. 'I’he frame. 

2. :t. Kight-angularly e.xtended portions on the frame. 
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4. Yoke-s«tiaj)e(J uicmJii'r at (ini' eiuJ of tlu* arm 2. 

r>. Projoctitig*sJu'lf or lodge on the forward edge of 1. 

C. The slffl wliieli separates tfie ledge from tlu' frame I (e\ee])t at ends). 

7. Square sharft mounted helwa-en memliers 2 and 2. 

• H. Bearing at on(“ efid ?)f 7 in the member 2. 'I'he other end of this shaft is reduced am. 
serew-threaded. 

0. Serew-ithreaded portion of shaft. 

10. ()j)ening in !l at tlie tuid to receive 11. 

11, 12. Bedjieed portion II on Ihe end of the pin 12. 'I’he pin 12 e.xtemfs through 
openings in the frame 2 and thi' re-bent ])ortion 4. 

13, 14. Clamp and screw for above. 

. 15. Uiste^of insulating material, non-rotatably mounted on the shaft. 

t(>. Conducting disc or ])late, oni- on each side of 15. 'I'Im'sc ])la1es have -('gmental 
projections and curved i-ul out ])ortions. whereby movable eontaets are ()rovided. It is to 
be understood that the various plat<'s will in general difi'ei- from each other. 

17. Rivets to secure the plates on Ihe insidating disc and eonneet them together elec¬ 
trically. 

IS. A plurality of bi-aekets are secured at the angle between 3 and 5. 

I!», 20. Screws which extcmd through the slot (i, which hohl Ihe bracket |)arls in engage¬ 
ment with the ])arts I and 5. 'I’he washer ])r(‘vents the head of the screw from pas.sing 
through the slot.* 'I’hls aljiovs of thi' .s<'ts of brushes being i-ea.dily adjusted. 

21, 22. 23, 24, 'I’he poition of the bracket Is which is in engagement with Ihe ledge 5 
is ju'ovided wit h the right -angularly extending port ion 21, l(p w Inch t he springs oi- brushes 22 
> are secureil by .screws 23 and clamping jilates 24. 

25. Insulating .separating pieces for springs. 'I’lu'.se spiings are arranged at dilVerenl 
levels. Ai^show n, tw'o brushes are proviiled for engagement w ith the eontaets on <‘aeh side 
'of each ilisc 15, and all t he coidaets arranged on one side of the disc 15 are electricallv united. 
I'laeh bfaeket IS siipjxirts two .sets of brushes of four each, and thus carrU's the brushes for 
two adjacent discs 15. .As shown in Kig. 157. the brushes which engage the conlai'ts earrieil 
by the sanu' metallic plate have their ends positioned at difl'ereni radial distances from 
the shaft 7. so that one will engage one set of eontaets. as 21). while the other will eiigagi- 
the outer series of contacts 27. 

2S. Spacing sleeves to se)iarate the discs 15. 

2il. Condueling sleeves to unite plates of dilbu'ent di.scs. 

30. 31. Disc with cylimlrical rim having a scale. pointer 31 .secured to Ihe \oke 4. 
'riicsc indicate the various positions which Ihe switch assumes during one revolution. 

32, 33. Disc with llutcd edge of conducting material. 

.34. Cut-away portions near fluted edge. 

35, 3(). A brush 30 is arranged to co-operate with the imjierforale porlion.35. 

37. A brush arranged to co-oj)crate with the inti'rriiptions 34. 

38. This,construction may be used to complete the circuit for the magnet 38. b\’ means 

of which the rotatioq of tlu' switch shaft is controlled, while Ihe switch i« jiassing from one 
position of rest to another. . 

*3!l, 40. Mounted adjaeen>l to the ])ositioning deviei'. and at the«end of the shaft, is a 
dise 30 of flexible metnl having a plurality of substantially radially extending arms 40. *41. 
'I’o the outer ends of this is secured an annular disc 41 of magnetic material. 
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42. 4.‘(. Friction disc rifiidly fixed to the power shaft 4:1. ji 

'I'lie coiitrolliiiff inagiH-t :is is lisated adjacent to the disc 41. and is so .arranged thsit, 
n])oti its energisation, said disc will l)c attracted against the resiliency of'its supporting 
arms 40 into forcihlc engagenn'iit \iith the rotating inetnher 42* and the shaft 7 will thus 
he rotated. * ' 

44. 45. Nids thia'aded on o))posit<’ ends of the shaft to clamp all ])arts together. 

4(i. 47. ('(eoperating with the fluted edge fill of the disc :12 is a roller 4li held in forcible 
engagement with said ili.se fpy the s])ring arm 47. 'I’his operates to In'ing then switch memher 
to its r'xa» t (losilion of rest, in l a.se the energising current for tlie contii piling magnet :1S 
should he enf ip|f to(p soipii. thus e.xactly jiositioning the contacts under the hriishes. It also 
ppperates to prevent accidental displacement <if the swit< h memher. When it is desired that 
the switch mendicr pass (pver certain pipsitiipiis. so that certain hrirshes nni\>«ierely make 
passing engagement with their contaefs or for other purposes, certain of the interruptions 
oi (perfipratippiis :14 may ln’ omitted. 


Section 70 

I’ANEL SYSTEM C.M.I.lNf; LINE-FINDERS {Figs. 161-I64| 

In multiple hrnsh panel switch units, any one of a grmip of lini's may he seized hy 
cppiresponding hrnshes, or wipers, of any one of a group of switches. 

When a. call is inifiated on one of tlic lines terminal ing al a group <4 sw itches,,a tri))jiing 
ilc\ice, coinmiPii lo the groii|i. will he aefnated. and is arranged In release, or render active,' 
the wijpcrs normally inacti\e which ha\'c access to the calling line terminals of any of sa.id 
sw itches w Inch aic in I he normal posit ion. (Inly one tripping de\ ice can he in the actuated 
position at a. time. The trippinc ile\ ices an- eommon to all the switp-hes of a group, one 
tripping device heing pr(p\i(h‘il fppr all the hrnsh .sets having access to the same section of 
the panel hank. Tin' tripping device for releasing the desired set of hrnshes is operated 
prior to the aelnation of the switch. This allows selection to take place rapidly without, 
preliininaiy hrnsh seleetion. 

• Fig. Ilil is a tide elevation i>f one lorm of a 5(MI-line call-tinder ]iancl switch with parts 
tiroken awat. hav ing a common trip rod. 

Fig l(>2 IS a perspective view of a portion of the tri)i rod, together with the triji and 
restoring levi'i’s of a pair of hrnsh. or wiper, controlling devices. 

The following is a .sehediile of the various |iarts with reference to the symhols on the 
I Ira wings . 

I,. The tinder sw itch shaft, which moves longitudinally. 

2. .An e\tensi;in of I. hy which it is raised and lowered. 

:i. .A eonstantly rotating power memher. 

4. Idler inilley. Ivlvveen which and the rotating inemhei-:! the extension 2 is clamped 
or >;ri]vj>ed. 

5. ('hitch magnet, which operates the pulley 4. 




2 

Call Finder Panel Switch - Side View. 
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(>. W'ijRT, or linisJi, sets, of which Ificrc arc usually five, secured to thesUatt 1. (.'orre- 
s|>of.(linfr brushes are iiiultipled tofielher. ^ ' ' 

7. A section of a terminal liank, with which a set of wipers is adapted U) traverse and 
make contact. ■ , • 

H. A l)rnsh controlling device, hy means of which tlw wipers i,re.prevented from making 
contact, with thi‘ terminals normally. When this is rotatc'd. the hrushes make contact with 
the terminals hy th(‘ resiliency of the metal of the wipers. 



!>. 'I’hc trip lever, one being secured to each controllei' S. 

In. 'I’lic restoring lever. 

II. 'IVi]) rods. E.vlending transversely to the shafts I of a group of swjtelies are a 
|>lurality of rotatably mounted trip rods, one for the corresponding sets (|f brushes of a group 
of sw'itches. These are ])ositioned just below the restoring levers 10 of the brush set.s when 
they are in their normal position, • 

‘12, Yokes or C-sha])ed members, rotatably .secured to the rods II, one being provided 
for. and in o|)eraliv(‘ relation to, <‘aeh of the trip levers 0 adjacent thereto. . 
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13. iSpriun**, which liavc otic end Kt'cnred to the hkI 11 and (lie othi'r (“nd to one o{ (lie 

j’hkcK, and tend It) force life yokes in a cl(K'k-wise direction. * 

14. Stopnon the rod which limit the travel of the yokes. 

I.'). A bracked meinbw ti'xed to each of the rods 11, near one end. 

It). Armature to vWiiiti (he bracket member is semired. 

17. Trip inagiK't. 



■« 

ri(.. lilt.- Si iisi iciui'.hs' I,im:s<«\ \ I’wni. Systi;.m t'lMiiai Swncii (W. K. Co.). Si:i)i k.m h Swinii 

• ('ONTHOI.I.IMI ClIII'l lT. 

18. A link conncctinn the bracket member to the armature. • 

l’])on the enerj'isation of the magnet 17 ami the attraction of its armature Mi, a corre¬ 
sponding rojjt 11 will be caused to rotate in a clock-wise direction. I his will place the yok(‘s 12 
above, or in ojierat^ve relation to, the trip levers it of all the switches' of the groiij) which arc 
then in normal position. If, now, *ine of the shafts be raisisl, the trij) levi’rs and (he restoring 
levers are prevented by the yokes from moving upwards also, in the initial movement of (he 
switch. 'I'his will cause the levers to rotate about their supporting j)ivo(s, thus moving' the 
spacing member I'J from between the inner wipers of the oj)erated switch. 
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VVlicn Uu: i)]n.Tiit<‘fl .-iwitcli returns tn Jioriiial the (lownwiinl inoveinent 4>f tiio brush 
eari'iajies, to which the restorinj; levers are ])ivoted, causers lh(' levers to elify.ige the trip roil 
and. thereu]>on, the re.storinji of the sjuieinjn tneinhers lit into their normal position, between 
the inner wipers, thus removiiiff the wipers from eontaet with the> terminats. 

Figs. I(i4 shov^ suitable eirimits for eontrolling sueh A,'sHit<di. The circuits are 

numbered in the ord<‘r of operation, and are as fctllows ;— 

1. When the receiver is lifted line relay It' energises. 

2. Ifatterv is eonneeted through the brush-ehoosing cut-oil relay 112. whjeh is eonneetod 
to the t.estiterminal of the call-find<-i'. 

:l. 'Pile loek-out relay ll.'l euergLses. 

4, .Start relay 114 etiergises. 

Ilelay 114 is eomnion to all th<‘ lines terminating in the .several .secitions of the |)anel 
bank of a group of switches. I>2 aial R.'f are eommon to all the lines t<“rmijiaU“d in a .section 
of the panel ))oard. 

!>. This eireuit is opened whilst one sub.seriber is calling, to prevent other calls inter¬ 
fering a(- that in.stant. battery then being cut olf the common eireuit. 

(i. Molding eireuit for relays It;! and It-I. 

(i'. 'Flip magnet .Mb' energises, in parallel with It.'! and It t. and rotates the trip rod 'Fit. 
so as to jilaee the yoke Y over the lever L. of sueh of the switches as are in normal position 
on that level. 

'The finder sv itch ne,\l to be employed is jireseleetisl and only the s('.(uenee switch of 
this preseleeletl finder is in jiosition I. 

7. Itelay 114 energising <a>inj)leti‘S the eireuit for 117, which energises. 

H. Seijiienee switch .''.SS energi.ses and moves to ]>osition 2. 

!t. l'p-driv(' eluteh magnet Mi) energises to lift tin- shaft. As it leaves the normal 
(losition the wiper set adapted to traverse the section of the panel in which the calling line 
terminates is tripped by the yoke V over the levi'r L. 

It). Holding eir<-nit for l!7 over interrujiter .segment. 117 is locked ov'er the. brush 
III' and segment ll)\ except when the brush 10' is on an insulated segnumt (when it 
de-eiiergi.se.s), which oeenrs when the wipers of the switch are el•ntrally (lositioned on a .set 
of terminals. 

11. Battery eonneeted through relay 117 to the test wiper. 

'J’he test terminals of all non-.seeking lines are (amneeti'd to earth. 

12. When the test wilier toiiehes the lirst idle line, relay It 12 energises over eireuit 12 
(I? being eommon .‘,o a section), and breaks the eorre.s])onding eireuit (i. 

Itelay 117 will be maintained energised, alternately through brush 10' and through test 
wiper 11', until the calling line is found. 

When the calling line is found, and the wip(>rs eenti’ed. 112 and 117, which are eonneeded 
to the' same pyle of tin' battery, de-energise. 

If. in the meantime, another call has been initiated in th<‘ A line group, the circuit for 
112 will be again completed and anotlu'r line-finder can operate. 

eireuit S is again oompletetl and .S.S.S move's to peisitiem 3. 

i:t. 'Fhe' eut-eiir relay R13 entirgises tii open circuit l,^,anei 11' de energises. 

14. 'Wire 2 is e.vtenfh'el threiugh the le'ft-hand winding of 112 te> earth. 

‘Simultaneous Calling.--If subscribers A and A' e'.all at the same time, relays 11.2 and 
113' will both energi.se (as in eeircuit 3). 113 will eipcn circuit l.'i, and thereby cuts, battery 
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from R3', so that, otily olie trip flia^iM't K(i' ('an cncrf'i.sc. liclay H4 is tluMi cncrgisi'd anti outs 
battery from c|rQjht 5, so)that R3' de-eiK^rgisc's. As soon as the suiloh soan'hing for.»tlio 

A subscriber roaehos the first terminal, H3 ami H4 are released and the seleetion of A' will 

% 

take place. 


Section 71 

MESSAGE REiGlSTERlNG, OR METERING. IN A PANEL SYSTEM 

• The jnrpci'lant feature of the eireuits, l'’igs. Hi.") — HiS, i,-, 1 he provision of a e'lnlroller for 
controlling the ojx'ration of the register or meter in an antomatie .system, wliieli controller 
is automatically a.ss(»eiated with any one of a group of eonneetion circuits, used in establishing 
the eonneetion, to selectively control tlu' oj)eration of the calling subscriber's meter. An 
idle one of a j)hirality of controllers is automatically associated with the connecting circuit 
used. The circuits illustrate how metering is etfected on direct exchange lines, JMt.X. 
exchange lines, and how the nu'ter is prevented from operating on non jiay lines. 

.Kigs. It).-) ^ItiT show a eirenit, (‘stahlished through a largi' system, between stations 
and R. Fig. ItiS shows the message n'gi.sti'r eontrolling ajiparatus, which is ('ommon to the 
eonneetion eireuits, sometimes called cord eireuits. 

The eirenit isassumed to have been extended from ,\ to 15 in any known manner. l‘'or 
examjile, the line ma\ have been extemhal to the call-tinder, in the manner shown in Fig. Iti!!, 
by grou[) .selectors of the type shown in Fig. 14.‘S. and to final switches of a similar type, the 
eonneetion being built u]) step by ste|> by registers and rexertivc control as shown in Figs. 
Its to 

The circuits arc nnmix'red as follows ■ 

0. Line circuit from station to repi'ater, in which relay ltd is energised. 

1. Line circuit from called station 15 to repeater, in which I!' is energised. 

2. ltd energised, conijiletcs a eirenit for iclay l>2, which energises 

3. 'riiird comlnctor circuit of a diri'ct line, completed through l!3 and meter JVI13, in 
jiarallel. 

3'. 'I’hird conductor circuit of ,i IM5. .\. line. eom)ileted I hrongh 1’:!' and metly .M217 in 
parallel. . , 

4. Se(£nence switch SS4 in position 13. where it will remain until the calling receiver is 
replac(‘d. 

5. It.a energises over IF contact. 

(). R.') locking circuit. 

7. When the calling receiver is rejilaced relay Rd de energises, then R2, and SS4 steps 
to position 14. 

S. Relay RS (Fig. H>H), of a imxssage regi.ster controller allotter (in dotted rectangle), 
energises over contact of R.'i (Fig. Ititi). 

11. Magnet, .Mt) of an idle picsr'hx'tisl message' register controller^cord tinder entrgises, 
when the bi'ushes are rotated and I'ligagc the contacts as.soeiated with the trunk, thro’igh 
which the connection was established. 

















Cord rinder 

t2 Zc 



Kio. 10«. -A Metemnu (.’iKcuiT ON A Panel System (W. E. Co.). Call Einjieh '.o Selectoil 
A.T.S. ' ' ' - 
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10. ItlO of MIW! eiuTj{i.sfs (over contact of R5) and opens cnvnit !>. >40 jthat MO de- 

cii^^rgiscs and stops the brushes. ’ 

11 . Relay R 11 energises. 

12. K12 energises over 113 (Fig. l(i'>), and meter M13 in'panillci. 

13. Low resistance shunt winding of 1112, to iinavase the c(,rr»nt in the circuit so that 
MIS energises. 

14. M13 operating brings in the low resistance parallel winding to still further increa.se 

the current in the circuit, so that the marginal relay 1114 energises. ^ 

ir». The dow'ii drive elnteh magiud Ml5 energises to restore the switch to normal. 

10. As the .switch aj)])roaches normal, the commutator brn.sh 10' engages the segment 
10 ", and SS4 energises and moves to po.sition 1.1. 

17. The down drive clutch magnet M 17 of the call finder restores the shaft t() normal. 

18. As the shaft approaches normal, the brush IS' makes contact with tlm .segment IS", 
and iS84 stcjjs to normal or subnormal position as desired. 

111. At the time H 11 <mcrgised in circuit 11 . 1124 did not en('rgi.sc ow-ing to the resistance 
in the eircniit. 

We will now a.ssnmc that (he calling line is in a F.B.X. group as shown at A' when the 
w'ire 3* is connect.cd through n'lay 113' and meter M2I in parallel to 4S-volt battery and 


<'arth. 

2 t». 'riie current in this cinaiit is assisted by the curreid tlow'ing in cire.iit 111 . and Jv 20 
now energises an*.! cuts out of tin* circuit the resistance of relay 1112 winding. 

21. Low resistance shunt winding of Iv2tl to increase the current, so that the meter M21 
energises and registers. 

22. M21 energising, brings in the shunt winding to incniasc the current still more, .so 
that the marginal relay 1114 energi.ses to comj)lete circuit 15. when the selector and call 
lindei- are rclea.sed as before. 

('ircvHx for it non-junj .ilalion are dlioini ill IS'. ‘ . 

23. 'I’he circuit of line B' from instrument to rej)eater. The condenser c, at B', is then in 
sw'ics with the connection circuit relay K', so that II' does n()( energi.se. 

24. The circuit for 1124 depends on whether B' is a direct line or a line in a I’.B.X. 
group. As the battery at the secjuencc switch contact 24' is of 24 volts, and that a.ssociated 
with relay 111124 is IS volts, 1124 and 111124 will be energised whether connecte<l to battery 
or to earth. 

As ivlay II' does not energise on a non-j)ay call, the circuit of 115 i.s not completed. K5 
bliereforc remains fl<‘-ciu“rgisctl. and (sreuits S and It) are not compIcUal. 

Now when the (siller replaces the receiver. SS4 moves to position 14 as before, but the 
register controller will not be (Mu-rgised. 

25. Th(‘ down-drive clutch magnet MI5 is energised and tin* rcIca.NC is as before 
described. , 

The mc,ssage register controller shown at Fig. KiS. A plurality of such controllers would 
be provided, the allottcr M24 functioning at all times when at rest to maintain an operative 
circuit direct to pn idle controlling devicic Assume now' that the brushes ‘if the allottcr 
M24 are on contacts individual to an idle register coijtrollor. and that a successful call is 
disestablished. Thi.s will cause the energisation of i-elay R 8 , which will complete a circuit 
foV the motor magnet M9 of the (!ord tinder switch arm S9 as before described. When the 
cord finder engages, the contacts of the desired trunk line relay 1110 will be energised. 
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26. TLc^ allottcr moves from set to set of tlie t:ontaets individual to the register eon- 
troUer. The allpttcr M24 Ivill cont iniie to rotate until its brushes engage tlie eoutaets t<T an 
idle register cor^troUer. As the eontaets of the-seeond register controller may be engaged by 
the allotted, befor^ the trunk’seij^uence switch SiS4 has moved out of jiosition 14, a second 
cord finder, corresponding»tfi S!t, may be started into operation, but on account of tlm 
marginal charac^ter of the stop relays RIO, the relay RIO of the second cord finder will not 
operate when jthe brushes of its cord finder SO engage t he contacts individual to the trunk 
through which the connection is being disestablished. 
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Section 72 

THE WESTERN ELECTRIC CO.’S SIMPLIFIED METHOD OF CHANGING-OVER 
FROM A MANUAL TO AN AUTOMATIC^ SYSTEM 

In an c.xiKting large tnauual system it. may be desired te introduee autematie working, 
but. the liuge eost may prevent tlie conversion being carried out as expeditiously as efficiency 
demands. Again, much of tlic tnanual plant may be comparatively new, and it may therefore 
be considered advisable to delay the conversion of such offices until the less efficient plant 
has been replaced. The conversion may therefore be spread ovei' a number of years. 

A feature that is considered objectionable by the subscribers is the change of directory 
numbers which usually follows the iutnaluetion of a change of working or coiifcntration of 
plant and the like. ' 

'The W. E. Co.'s new ar-rangement is designed to simplify such a change over to full 
automatic working without change in the subscribers' numbers. 

The system to be described supposes a manual system cajiable of extension to 700,000 
direct exchange lines which it is jtroposed grarlually to replace by automatic! working. This 
total may be sub-divided into 70 offices, each of 10,000 lines, or a greater number of offiees, a 
(ronsiderable proportion of w'hich arc of smaller capacity. Each office- is numbered from 0 
upwards, the largest offices numbering to O.OOil. The maximum number, of digits in the 
existing nundiciif is, t hc-refore, usually four, prefixed by the name of the oflifi'. ns for example, 
Gerrard 4,444. As the- numbers begin with 0. thew will also be Vierrard 4, (IcTrard 44, and 
(Jerrard 444. 

In a full automatic system the nundeer of digits is usually uniform in i;ach subscribcT s 
designation number. 

The new arrangement provides for calling numbers with varying series of digits, as in 
the examples given above-. ' , 

The aiTangement assumes that the necessary selectors and connectors an- provided in 
each manual office so that the subscribers can be called automatic-ally from any automatic 
office, or that, the incoming junctions on manual positions arc- c-cpiippc-d with their dc-vica- for 
displaying on lamps the number of the desirc-cl connection, the lamps, corresponding to the 
digits dialled by subscribers on the automatic exchange, being illuminated (as described in 
Section .58). 

The dials carry letters and figures as shown in Fig. 130. 

^ The capacity of 700,000 is arrived at bec;ause the digits above .sevc-n are rc-cpiii-ed for the 
working of the .system. The initial digit 8 is associated with, for c-xample, the letter H, 0 
with K, and 0 with L. Figures 8, ft or 0 cannot, t herefore, be the first digit of a subscriber’s 
number if the- whole- were- expressed in figures. 

The Gerrard office may be allotted the numbers 20,0000—20,9999, the digits 20 being the 
office prefix, corresponding to the name Gerrard. To facilitate calling and memorising, the 
number prolix 20 is prefc-rably replaced by letters. 

’’In a full automatic number scheme it would be necessary to dial, c.i)., BL0004 for 
Gerrard 4, BLOoSt for Gerrard 44, BL0444 for Gerrard 444, and BL4444 for Gerrard 4444. 
It is desirable to eliminate the valueless ciphers, and t/iis is accomplished by introduci/ig an 
additional letter pn-fix. and the arrangement then Icecomes : LBL4 for Gerrard 4, KBL44 
for Gerrard 44, HB1..444 for Gerrard 444, and BL4444 for Gerrard 4444. 

























280 


• W. E. CO.'S SIMFLlFIfc?b METHOD Of’ CHANGING-OVER 

I When tile first letter dialled is L, tlio iiumcrieal suffix has b’lt one digit, btit the device 
is so controlled as to bring about the selection whhdi would have been produced by the elimi¬ 
nated ciphers. Similarly, when the first letter dialled is K, t,he number haiftwo digits, and 
when the first letter dialled is H, the iiuinber has three digits. * ' 

'I’he following is suggested as a method of directory listing' for joint manual and anto- 
inatie working : -(lerrard (LBb)4. (lerrard (KBL)44. (ferrard (HBL)444, and (lerrard 
(BL)4444. 

After the whole system is eoin ertf'd to automatic working, the name would be omitted, 
and autoftiatic practice revertetl to. ■ 

It is jireferred that the transmission of impulses for the first digit H,K or L should set the 
first register to a jiosition corresponding to the number of impulses transmitted. The 
register, by moving to that position, causes a discriminating sequence switgli t<, be moved 
to a jiarticular position depending u()on th(' jiosition to which the register was set, in a 
manner to be dc.scribed. 

A sequence switch controls the connecf.ion between the registers and the line relay 
receiving the imjiulses, so that certain such registers are jiassed over, the numlier thus passed 
over dejiending on the value of the jirefix H, K, or L. 

In the. diagram (Fig. 16i»), ID represents an imjml.sc' dial at. a subscriber's olfiee. 
represents, diagrammaticailly a. selector or grouji switch. I) is a register-controller control¬ 
ling access to a dlKhicI of, say. 100,000 lines. O is a register controlling an office in such a 
district. Th cont rols access to a group of 1,000 lines. 11 contn'ls access* to a grouji of 100 
lines in the above grouji. 7' controls acce.ss to a .sub-grouji of 10 in the abov'c 100. f con¬ 
trols aeca'ss to a line in the sub-grouj> of 10. M21 is the special di'fcnminatiMj seijneta-e 

switch which determines the registers that are to be ineffective. » 

The impulse d'lal //> sends impulses equal in value to the digit (10 impulses beini; -ent 
for 0). 

The grouji selectors are ojierated on the. reverlive control systmii. 

It will be readily understood that the arrangcimmt may be apjilied to systemi*. greater 
or smaller than 700,000 lines. 

'The circuits (Fig. KiO) are numbered as fotlow's :— 

Calling a Number with Full Numerical Suffix, as Gerrard (BL)4444.- 

1. When th(“ reiteivcr is lifted, relay 11' energises. 

■?. (lurrent is through both windings of B,2 (differentially wound) w Inch <loes not energise. 

2'. Seijuencg switch M2' moves to position 2. 

2. SiS M2' local control circuit.. (Vintact (12 opened, (furreiit over circuit 2 only, and 
H2 energises. 

4. Dialling tone given to caller. 

.'). Me, 100,000 district register D, energises ami moves to jinsition 1, ami stops thci e till 
1 he caller dials. 

(i. Mo local control circuit. irj)per winding of K2 is also short-circuited. 

‘I'he subscriber calls .B (or 2). 

Belay 11' dc-energises during the first short interruption. Cirenit 2 is open, and li.2 
dc-emtrgises. The subsequent energisation of H' close’s circuit and register 1) mo\;cs to 
jajsition 2. R2 is again short-circuited in circuit 0 so that it'energi.ses in position 2. 

'I’he last, or longer, interrujitkm of the digit (B or 2) de-energises B.2, and is abo of 
such duration as to drive 8S M2' from the second to the sixth position. 
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i • * 

The seeoiid digit L or it dialled. This calls into the ton tlioiisauds or office register (). 

I- The ojH.*ratiou is al l)oforc, M7 being set ovt>r eirenit 7 and SS M2' being niovod*nto 
its }H)sition S# 

S. the third di(f t 4 is called, the thousands register Th is set, iti j'osition 8 of the 

•sequence switch M2'. ’ * 

9. IIViCM the. fourth digit 4 is called, the hundreds legister H is set in position 10 of 
SS M2'. 

10. Whendhe fifth digit 4 is called, the tens register 'T is set in |>o,sition 12 of SS M2'. 

11. When the sixth digit 4 is railed, the uniis register U is set in ])osition 14 SS M2'. 

12. lYhen SS i\12' moved from position 14, on the completion of the registruthm of the 
units <ligit, it closed the ,se(pienee switch contact 012, and a circuit was completeil for the 
outgoing•sVqi.icnce switch M12 in its normal ))osition (position 1), thereby initiatiiig t.|i<- 
controlling operations (as described in Sections 42 and 54). 

12. In SS M12 position 2. the fundanmntal circuit 12 to the selectoi- switch is adapted 
to perform tlie first selection operation. 'I'he circuit is closed at. (!12. R12 energises and 

de-energi.scs intermittently (0'14 being clo.sed). IM4 (outgoing dilTerential relay) operates 
as elsewhere dcscrilxfd until the register I) is restored to normal. 

15. Register D is restored to normal by the ent-off relay HlS. and SS M12 ojierates 
to terminate the selection. 

The second .selectit»n-control operation follows, in the fourth position of SS M.12. This 
oj)oration is terfniuated, consequent upon the first revertive impulse fecoived from the, 
selector switch, tlie register O being in pt)sition 9. 

'I'he third or thousands .selection control ojteration takes place, under the control of 
the thousands register Th, in ])osition (i of SS .MI2. 

10, Register .MK (Th) control circuit. 

The ]nmilreds selection control operation is muler the control of the regist.er H, in 
* position 8 of SS .M12. 

IT. Register .Ms (II) control circuit. 

The tens .selection control o))eratioii is under the control of the register T, in position 
in of SS .\112. 

18. Register MIO ('!’) control circuit. 

'The units selection control f)i)erutioit is under (control of the register U, in position 12 
of the SS M12. 

19. Register .MU (!') control circuit. 

2(». 'I’he sc(pienc<' switch .VI12, in returning to normal from positioif 12, clo.ses cont»(!t 
('20, to initiate the movement of SS M2' to normal. 

The entire e<(ui])ment is again at normal. 

Calling a Number with a Three-digit Suffix, as Gerrard (HBL) 444. 'J'he 
register .L) must be set in jsisition 2, rcgist<'r () in isisilion n, register Th.in positif)n 0, 
and H. T and I' in ))osition 4. 

Register' Th is unalTected and the other registers a.]'e ojaaated as before. , 

The first regist^'l’ controller is. as a preliminary, operated to cau.sc, the discriminating 
sequence switch ,M2t to take an ikp])ropriate position for omitting the register Th, or the 
n'gisters Th and (.), or the registers Th. H and 'P. as the case may r>»((uire. from the setting 
oj)erations controlled hy the line relay R'. * 

The first diitit to be transmitted is II (or 8), and the n^gister 1) is set to position 8 
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31. Ak the NiS MS' pa.'^Hes from pewit ion 2 to 6 it elo.sos, in positieins 3 and 4, .a circuit for 
JVI21, which energises and advances to po.sition 4. i / 

22. In position.s r) and (i of SS M2' register 1) is restored to normal, or pejsition 0. The 

register D is now ready to iTgister the next digit transmitted,'wlvch is the first actual digit 
of the numerical designation of the desired line. . , 

23. Control circuit of register I). 

24. After the register D has been set, the regi.ster O is set as before, with SS M2' in 

position 8. ^ 

Wheu,tl)e legister () is .set, and the discriminating SS M2t in ])o.sitipn 4, there is no 
circuit for the register I’li. 

25. Control circuit of register H. 

Registers T and C are set as before. 

The registers are thus set to call the number 200,444 (Gcrrard 444). 

The selection-control operations are as before described. 

Calling a Number with a Two-digit Suffix, as Gerrard (KBL) 44. -'The registers 
'I'll and H are unad'ecled in the sitting operation.?. 

The transmission of the j)reliminarv digit K (or !>) places the register I) in po.sition t>. 

20. Con.se(pieiitly the di.seriminating SN .M3I is moved to its ])osition 3. when >S«S M2' 
pas.scs through positions 3 and 4. 

liegister I) is restored to normal, over eireuit 22. when SS M2' passes jxis’itions 5 and (i. 

.Registers 1) and O are then set, when SS M2' pas.ses j)ositi()ns 0 and 8 resjaietively, 
by the next' two sets of im[)ulses transmitted. 

With SS M21 in jiosition 3 no eireiiits are clo.sed for the registers 'Th and H. 

27. liegister 1’ is energised by the tens impulses. 

28. Hegistei’ I' is energised by impulses in position 12 of M2'. 

29. With SS M21 iji position 3. SS .M2' i.s driven through its position 14. 

'rh(‘ number 200,944 (Gerrard 44) has been set. 

Calling a Number with a Single-Digit Suffix, as Gerrard (LBL) 4.'—'The 
legisters Th, II and T are not .set, in a manner as jm'vioasly described. The jiroliininary 
digit L (or 0) sets the regi.ster I) in its zero position and causes the diseriminating SS M3l 
to be .set in position 2. 

The effective seating of register I) takes ])lace in aecordancic with the first actual digit 
r/ t*’" designation of the desired iiumbei'. in position (> of the SS 1V12'. as before describerl. 

Register O is .set for the next digit, in ])osition 8 of SS M2', as before. 

In position to‘of SS M2' register 1' is .set for the single digit (4). 

There are no eirenits for registers 'I’h, H or 'T in position 2 of the discriminating SS M21. 

The number 200,004 (Gerrard 4) has been set. 

-.30. SS M2' will pass through ])ositions 12 and l-t. 


Imth,. j.... i..,tomnti(^ sy.stem jwoposed for liondon and New York a three |etter prefix 
with a four-figure .stiffix is eontenijiluted. The prefix consists of the first thrtse letters of 
the name of a manual office and the dialling of these routes the call to that j)articular 
centre; and the dialling of the four-figure suffix connects wit-li the ])articulur line in ^he 
particular office. See Section 0.5. 
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Section 73 

*rHE LORIMpR AUTOMATIC TELEPHONE SYSTEM 

• . • 

. EiUih swtioii of tliih* astoinatie system constitutes l)y itself a eoni|)lele unit that can 
be useil as an exehanfje for 1(10 siil)senl)ers. or, in eonneetion with other sections, may he 
used for an ex^'liauge of os many hundreds of sub-stations as tlierc' are sections, I'oi an 
exchange of l.OIJjt sub-stations no addition to <‘aeh of tlie 10-unit, sections employed \soidd 
be required. Wlum the exchange is extended to a seeoml thousand, it is only ^teeessary 
to employ upoil each sub-division fif each section an additional 'iilciroitiieclof, a duplicate 
of the intereonneetor which wotdd be einiiloy<‘d with the exehanue whim organised to 
aecymmodH(t<‘ 100 sidiseribers. or any greater numbi'r up to Oiiit 



Kill. 170 . --SKUI.brroN IMauIIAM of OM-. Si:rThi\ or \ rjOUrMKO l‘’xrilA.Noi^, -HoWIS’o 
ONLY Five of the Tkn Imm^ioN'- nr (’onnkctino Aitmiati 


. In the skeleton diagram, Eig. 170, the jirineipal parts for live divisions of one seetioti 
of 10 are shown. The jiarts are thus designated . 4 is the primary connector : a is the 
rotary switch; (> is the signal transmitter controller ; 7 and H the two intbryonneetors 
respeetivelv for the first and second thousands of the exchange ; !• the .secondary eonneetor ; 
10 the deelim*! indicator- 11 the decimal register controller, and 12 the division staVter. 
pijr. 171 shows a geni»ral view of the apparatus as installed at Hereford. * 

|Icfore describing in di-ta.il thb si'veral parts ol a di\'ision, the eonstructioi* of a 
cylinder switi-h and elnt,eh, and a register switch suitable lor various parts, w'ill be tiijst 
described. 
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(cylinder Switch. —Kci'criiiiff (o Kigs. J72 and I7.‘!, the lixc<l conlacfs liOriirc pieci's of 
M iVc or slicct im-tal secured in |)la.st.er of I’aris or otlier insuJatiji^ uiateriaf. i In the diagrams 
the contact ends of these pieces are shown hy circles. 'I'heir inner ends priyect for engage- 
inent hy the switch hrnshes, while their outer ends arc left free for the iittachm-'itt of wires 
or conductors. The cylinder shown has 12 longit iiflinal rows'of-contacts ttO, each row or 
ring containing 44 <'ontacts. or four (piadrants (jf I I contacts ea(4i. Four <'orre.s]ionding 
.•-ets ol hrnshes. of which there are 12 in each vertical row. engage with the inner ends of 
the contacts and ate carried hy sluitt 112 driven hy gciir-wheel (>.‘t 



I'jo. 171. (ijo\i'at.\i. \ iKw Ol-' .\ tyoiti.MKit II wa.i-: Iss'r\i,i.rai \'r ili':in':i<'oitii. 
(/-n.ai /Ml.A'. JtmrHul. fn/ pfrutiss'itni.) 


The cyliiKler 24 is fa.stencd hetween two jilates 114. 'I’lie lower one is secured to a 
jilate (i.>. carrying a hearing for the shaft (12, and |)ro\ ided with ti depending pi\iit (1(1. that 
enters a s(.» kct in the hracket (17. .secured to the frame of the ap]iaratu.s. This constnictiou 
tiermits the cylinder to lie swung away from its driving gear, and allows ready access to 
the outer ends ol^the contact plates, or points, around its whole jicripherv. l^ach hrush fil 
consists, jircferahly, of two .springs turned ii]) at tlici^ forward edges to permit them to 
slide iradily into confact with the ends of the plates (,((. and grasp said cuds hetween Hiem. 
I he hrnshes (11 (I'ig. 174) are set in slots cut in a hlock (17. of vulcanite oi- other insulating 
material, and are .secured therein hy clamj) plates (IS. .secured to the face of the hlock d?” 
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and iiisulattMl'from tJio bmslies by the sheets (1!( of insulation. Wires 71. secured to the 
inner ends of the brushes, pass out through the upper end of lln' cylimler 24. to eontiect 
to other parts* or eonne(!t tlip brushes in pairs, so as to connect the two contacts (iO, upon 
which thejf arc f<(r tlie time bearing, and thus close-circuit lietwe('n the two wires attached 
'resjKJctively to the outer ends of 
said contacts. The blocks (17 are 

fastened to the face of the arms of rrn 

casting 70, sec4ired to the .shaft 02. 

By properly connecting the 
contacts (50 to the circuits to be 
controlled, or to ()nc another in 
rows, or jn'any desired relation, and 
by proper connection of the brushes 
01 to one another, or tc) other parts 
through the wires 71, the device 
may be used for the primary con¬ 
nector, the secondary coniKictor, 
the interconnector, the rotary 
switch and the signal transmitter 
controller, or for other parts, 
although f<jr so’me of t.he.se j)arts 
not all of the contacts and brushes 
ncHjd to be utilised. 

'J'he movement of the shaft 02 
may be controlled in any desired 6V. 
way, as for instance by means of 
an electro-magnet 14 operating on 
a clutch between the wheel 03 and 
a suitable driving power. 2 ^. 

The Clutch.—M'he clutch and 
gear is of the following construc¬ 
tion (Tigs. 172 and 173) ; 72 is a 
wheel gearing to wheel 03 upon 
the brush-carrying shaft 02. The 
shaft of wheel 72 carries a wheel 
82 geared through idler wheels, 
with a wheel HI rotating loo.scly on shaft 75, and having clutch control disc 23 fastened 
to its hub. The edge of the disc is cut or notclu'd to j)ermit the entrance of a dog* H3, 
carrie<l by elbow'lever H4. An eleetro magnet 14 ojtcratcs the lever and brink's a serrated 
wheel 70 into engagement with a scri-ated wheel or disc 74 keyed to a power-driv(>n shaft 75. 
When the wheels are engaged power is transmitted to the wheel 72, and wheel 03 'of the 
brush-carrying sha?t. from shaft 75 through wheel 7H on the same sOaft with wheel 70, 
through fin idle wheel to w'heel 7t>’, and ii second wheel HO on the same sliaft with 7!t, and 
gearing to the wheel 72. Wheels 70 and 7S arc mounted in a jnvoted frame, which,also 
carries the idler wheels, find is operfited by a roller on the end off finuiiture lever S4. As 
soon as the magnet causes the clutch to engage, the dog H3 rifles on the continufms edge 
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of the (line 23, between notches, and keeps the clutch engaged until a notoli frees the 
level S4. and the (dutch will then be disengaged if the magnet be taen de-elitt'gised, and tile 
whe(!l 72 and disc 23 will stop. A momentary action of the magnet will liftdhe dog out of 
the notch in the disc and immediately set the parts revolving. notches are srtspaced as 

to cause the cylinder brushes to advance any desired nuudjcr of wh'olt- steps, depending upon' 
the space between the notches. 

Th(' dis(! shown is notched suitablj' to bring the brushes to rest in 11 different positions, 
namely, normal or N, 0 and 1 to !i inclusive, and then to cause the brushes to make a three- 
quarters rovolution without stopping. This arrangi'inent is suitable for t'le primary con¬ 
nector, or secondary connedor, when the contaets are arranged according td the decimal 
system. When the dog is lifted from the la.st notch i>l the group shown, the disc and the 
brush shaft will make three-quarters of a revolution without stopping, until the" dog finds 
the normal, or first notch of the group, when it will come to rest. 

The Register.—^'Cliis is constructed as shown in Figs. 172 and 173 ; 25 is a sector of 
insulating material like plaster of Paris in which any desired number of rows of ('ontacts fid 

are .secured, and in (losition to be engaged 
by a set of brushes (il. as many in number 
as the rows of contacts. Brushes fil are 
mounted in an insulating block secured to a 
support Sfi, that in turn is fastened to an 
escapement sector H7. When the register is 
used In eonn(*ction with the cylinder switch, 
it is ptx'ferablj- mounted on a plate 1)2, 
secured to gear wheel fiS .so as to revolve 
with the brirshes of the switch cylinder. 

Each row of .sector contaets may consist 
of a normal (N) and 10 other contacts num¬ 
bered 0 to 9 inclusive, which is siiftieieht for 
the primary connector. In the case of the 
.secondary eonuector an additional contact, 
which is a '■ (haul'' contact, may be provided 
between the N and o contacts for a pui'|)ose 
to be th'seribed. A sfiring SH. secui'cd at its 
free einTtC) a strap wound around th(' hub of the ('scapement sector, tends to turn the sector 
in the direction of the arrow, and eau.se the brushes to move one w hole step for each to and 
fro movement of the scape lever Sfi, which is mov('d in one direction by the armature of 
magnet 2S adapted to engage an arm 90, and in the other by a spring 95. , 

.The scajie teeth and pallets are so formed that the scape sector may lx* forced back 
to '/.ei'o positi(xi when the support plate 92, upon which the register is mounted, Ls rotated 
by the sujierior force of the driving power from shaft 02, thus bringing the lug 93. depending 
from the si'ctor through an ojx'ning in the plate 92, against and past an obstwiction, such 
as a post 9-1 upon the fi.xed cylinder 24, or other fixed support. 1'he i>.votal centre of the 
sector is^ (H'centric to the centre upon which the plate 94 turns, so that by projjer adjuyt- 
ment of the overlap of“the lug 93 and (>ost 94, they will cleai* one another at the instant 
the sector brushes reach the normal position, and the support 92 may then continue its 
forward movement around to normal, ready for another o|>eratiou. 
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■ The degircd coniietJtions between eylinder brushes and refiister brushes may be made 

by wires 71 (see^Pig. 174) j^hich are sutticiently Hexible to allow for the eoniparatively sfliall 
relative moveiijent of the parts. 

Divisions.-- Jlie couMruetion of tlie various portions of tlie connetbing apparatus in 
one division of a s«*etiitn,*anil the general eonneetions and functions of the same are as 
follow :— 

). PriiruMy Co/nifclor. For each primary eoimeetor tlu^ ai»paratus fleseribed in connec¬ 
tion with Figs.*l72 ami 173 may l)e utilised without material alteration. This device places 
any sub-station vf the .section on which it is located, in connection with the oth-tr portions 
of the apparaius in the .same division. The two wires 1 and 2 of each line are conne(!ted 
to two contacts tiO u.ssigiied to it on the switch (cylinder, by branch wires as indicated in 
Fig. 176 ai.‘(d), where om- such line is shown. In addition to two-line contacts for each line 
a guard contact is provided connected in a similar w'ay with a guard wire 3, one for each 
line. Wire 3 is a local wire at the central station. 

2. Rotary Switch. -This is constructed from the cylimhu- switch previously described 
by connecting brushes in ])airs to form bridging brushccs, and by connecting uj) the- contacts 
to one another and to the i-.NtcTior circuits in the manner iudicatc'd in the diagram. Fig. 176 
at (e). 

'I'he rotary switch com)>letes its action, or nioves from normal arcuind t(» normal, by 
making a half levolution of the brush-carrying shaft, and in such half revolution it assumes 
seven positicuis erf rest, aj indicated by the Itoman numerals I. to \ ll, iifclusivc at the toj) 
of the diagram. The brushes move over twcj of the contacts <>(i in making one step ; if 
a clutch and gear, such as already de.scribc‘d, be employed, the disc 23 w'oidd then have its 
notches sjcaeed apart twice the distance of tho.se indicated in the ca.sc' of the primaiw con¬ 
nector. Since the- switch repeats its opc'ration twice in a I'cvolution, tlu^ disc has two sets 
of notches as indicated. In the figure the dog engages with the normal notch of one group 
•and the brushes are in the eorresjKinding normal position. 

The principal functions of the rotary switch are as follows . - 

When the rotary switch of the seizeil idle division starts, it breaks its own club'll magnet 
circuit, thus isolating it from interferenee, and immediately closes a circuit or circuits tiver 
which the primary connector is adjusted. It also energises the. clutch magnet for the 
])rimary connector ami starts the device termed decimal register controller (Fig 175, h) which, 
by means of the regisWr magnet, adjusts the brushes thereof to the jiosition (uirrespon/Jimi^ 
to the tens value of the number of the sub-station calling. 

Immediately thereafter it .starts the decimal indicator (Fig. 176, a) from the position 
of rest, which it had assumed by the initial signal from the calling sub-station, so that it 
may revert to the common use of other sub stations in the .same si'ction, and also comjiletes 
tl’ie substitute connection for keeping the guard wire 3 of the calling sub-station charged. 
It also, at this stage of the ojieratiou, prepares the. circuit over which an intorconncctor (y) 
of the same division may be started or operated, and further prepares the circuits over which 
connecting li^iparatus of the sami' division is operated or (controlled by the signal transmitter 
controller (/), for th^c purjJose of adjusting them to position for finding thcicireuit of the called 
line in the same or any otlmr sectiwn. Further, it (doses connections for charging tin* guard 
cirtuit of the sub-station called, upon the callt;d sub-station's seccctioil, as soon as eonncction 
has been established therewith, but first closes a test cinmit, by means of which the operation 
of the apparatus is contrcjlled in such manner that if the line wanted be already in use, the 
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fipjiamtiis would be automatieally prevented from coming to jKJsition for establishing 
talking (^onneetion therewith. | ^ , 

If the line wanted is found to be idle, the rotary swiUdi charges the guard circuit of said 
line, and closes circuits whcrebj’ the (tailing sub-station inay'sigjial th<( calUbd sub-station, 
when cominunictation may be carried on. At the conclusion of t,hej^conv(?rsation the rotary 
switch moves to break such circuit, and closf's others, wlicreby directly or indirectly the 
jiarts may be restored to normal ]>osition. 

:t. Signal TranKwitfer ('antroUer. This device provides or prodtutes electric impulses 
which o})erate or (tontrol the signal transmitter, the (tontact arm of which m‘oves over units, 
tens, liundreds and thousands .sets or segment of contacts. Tt also j»ro\4des the stepping 
or cmitrolling jmlses for ojK-rating the thousands register and intcrconnector register of the 
•same division and the secondary c(mnector seized upon any division of the .same or any 
other section. 

’Phis device consists of t he switch cylinder previou.sly dcscrilxal, and utilises six horizontal 
rows of contacts and thns- pairs of bridging bruslu^s connected up as shown in Pig. 175 (/). 
The two np])cr brushes oj)eralc as an impulse generator to actuate or control the signal 
transmitters. The two middle rows simultaneously control the action of the thousands 
register, the intcrconnector register and .secondary connector succe.ssively, and the two 
low(M- rows oja-rate to close the circuit for ((oils that temporarily hold up the relay armature 
of the signal relay 215, and for otlu'r purposes. , 

X is the non^ial position of the signal transmitter controller brashes, in which position, 
after making two whole revolutions, the upper pair of brushes complete the signalling and 
talking (dreuit. 

'Pile signa.l transmitter controlh'r has three positions of r(“st; the first is the N or normal 
jiosition ; the second position is indi((ate(l at SN. or sub-normal position, just before the end 
of the first revolution : and the third position is a second sub-normal ])o.silion on the same 
contacts, just before it completes the second revolution and reaches normal again. 

4. hderexmneclor. —'Pin' main functi(m of this device (Fig. 175, gr) is to establish connection 
with that .section of the e.xchange to which the called sulxscriber's line is connected,'and to 
seize upon an idle secondary connector in that section. The number of int('rconnectors in 
each division corresponds to the number of thou.sands of sub.scribei-s in the exchange. 

5. Secandary (’anncctor. 'Phe s(‘condary comii'ctor (A) is sub.stantially the .same as the 
primary connector. 

registiM' is adjusted according to the tens value of the called subscriber's station 
number, and the t;ylind('r brushes according to the units value of that number. 

(». Thoiimiid.'! 'Phe thousands register, one for each division, is used only 

when two or more interconnectors are emjiloyed in each division. Jt .serves to select or 
make connection with the intcj'conncctor controlling the connections of the grand division 
in 'which the called sub.scriber is located, and is provided with a number of contacts corre- 
.s]ionding to ihe number of interconnectors employed in each division. 

7. Rdnys. —'J'lie different relays employed in each division are indicated in the diagram 
(Fig. 175,/). 215 is a signal relay, 210 a release relay, 217 a ringing relay, and 220 a 

speciid relay. ‘ • 

2(K is a generator^of pid.sat(.iry or vibratory currenl., which is connected to the cir(;uit, 
of the culled sub.scriber by the operation of the relay 217 in any division ; 205 is a non- 
inductive resistance shunting the coils of relay 217, so that they shall not interfere with 
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fonVersatioy 204 ix )in iiuluctum coil haviiif; two iMiual wiiuliiijjs ; 202 and 202 arc 

sections of a currcut generator su])plying energy for various o|»erati<fns, 

and to which (jonnections are made from the apparatus of each division in the manner 
indicated. ,, • ' 

„ The combined voltage* of the, generators is used for some of t he ojK-ratioiis. Imt for 
conversation one battery or generator only is used. 

Consecution Controller. -Tins (U'vicc serves for the whole ex(4iange, and renders tlie 
connecting apparatus on ditferiait sections, respectively, cajiablc of operation only in succes¬ 
sion or one at a time. Or, in other words, it spaces out the .signals received oil different 
sections at the same instant, in a manner to dela\' the action of the apparatus of one section, 
so that it can oidy oiK'ratc after tite other has jirogresscd to the )ioint where interferenet^ 
or confn.sion o.innot rcs\dt. The sj)eeial object is (o preveid confusion if two subscribers 
on different sections sltonld attempt at thf' same instaid to connect, with tlic .same subscriber, 
or with two different sidiscribers. on the .same section, (lonfusion by rea.son of (wo sub¬ 
scribers on tl»e .same section calling at the same instaid is ))rcventcd by the decimal indi¬ 
cator. of which one is used for each section. 

The consecution controller comprises a continually operating circuit clianger, which 
inti'rmittently, but successively, closes the operating circuit for some part of the apparatus 
for one .section, and then in succcs.sion similar circuits for other sections (Kig. 17(i). 

In connection with each circuit a devii’c is providi'd whereby tlie closure is prolonged 
if, when first ma’dc, the ijiparatus on that jiarticnlar circuit is ready to’’operat*-. Hence, 
the consecution controller may continue its revolution, and the ap)»aratus be left free 
to act. 

The cireuits closed are those by which the interconneetors are started on their way to 
.seize an idle secondary connector. 'I’he effect then is that one of two simultaneously calling 
liiM'S will seize the called line lirst, anil the other will get tlu- bu.sy signal tone. 

430 is a continually revolving circuit idianger arm who.se contact sjirings sweeji simul¬ 
taneously overfeed segment 432, and over a series of .segments 431 insulated from one another 
and connected resjiectively with bus wires .^7, each of which forms a common return bus 
for the starting magnet 21 of all the interconneetors for one section, and each of whicli is 
connected to tlie several divisions of a .section by taps .')(>, w'hich in turn may be common 
to the several interconneetors of each division. 

Kach circuit contains an electromagnet 21,S, which, when energised. clo.ses at its 
contact a connection indeyiendent of that through the segment to the battery or'common 
return, thus })reserving (he circuit for (In' interconnect or after the Itrush of tli<‘con.secuti.'in 
controller leaves said .segment. The breakage of the circuit at some other point in re.storing 
tlu' apparatus to zero de-cnergises th<‘ magnet 2IS. 

'J’he consecution controller ojierates at such sliced as to render the apparatus of eych 
sei'tion capable of ojicration at intervals of, say, every two seconds. 

Decimal Indicator. One of these is u.sisl for each .section for the purpo.se of giving 
control of tlie apparatus on said section to the various sub.sc.ribers' lines of that .section in 
succe.ssion, and pei'uiitting a line to seize upon on<- of the idle divisions or sets of connecting 
apparatus for use in establishing connection with the called sub-statupi, ’ 

The decimal indicator has a circuit changing arm which closes connection to the lines 
of the .sections in succession. It also comprise'. dc\ ices, w hereby the primary connector 
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of Il)f M'izod iille division may liave its brushes automatically adji/sted to posj^ion for ton¬ 
ne#! iuj; the ealliiif' line with the other parts of the apparatus in fi|division.» ^For this piirfwso 
tlie deeimal indicator embodies additional cireuit-ehanging arms and divide^! contact rings, 
one termed the " units " ring and the ollter the " tens " ring.* » , • 

I’referably the deeimal indicator constantly revolves and in automatically brought tjt 
r(>st by a signal from the calling sub-station. As scam as the division of connecting appa¬ 
ratus seize<l by that station has pas.sed b<‘yond the |)((inf where it may be .sei/,ed from some 
other calling sub-station the decimal indicator resumes its revolution. 'I’ly.' circuits of the; 
ticcirnal ipdieator and control magnets a.ssoeiatcd therewith are shown pi Fig. 175. The 
ilceimal indicatoi' also has a circuit changing arm and a divided contact ring'with segments, 
one for each line, w hereby a guarding |)otenlial may be established on the guard contact 

of the calling line on all the primary connectors of 
the section. The mechanical consfructi6n may be 
such as shown in h'ig. 177. 

101 is a divided line contact ring having one 

contact or .segment for each Jine of the section. 
Said scgmcids arc mounted u))on a backing plate 
oi’ ring, and clamped and insulated from one 
another, as shown in the vertical .section, Fig. 177, 
in a manner similar to the segmeirls of a commu¬ 
tator for a dynamo. ■ 

lot) is the guard contact ring also containing 
as many segments as there arc lin<;s in tlu' 
section, and each connected to its appropriate 
guard wire. 

102 is a continuous feed ring connected with 
a relay contact lever by brush 112, and joined by. 
wire 2:10 with devices for bringing one.of the 
divisions of (onncxding ajijiaratus into operation. 

mil is a continuous battery feed ring through 
which, by means of brush 113. current is supplied 
to tlu' circuits jiassing through the decimal 
indicator. 

105 is the divided “ units ’’ contiwjt ring, .and 
104 the divided “ tens " contact ring. 

The tens contact ring 104 contains ten segments of equal length, and its individual 
.segments correspond rcsjiectively to the different values of the numeral in the tens decimal 
of the sub-station numbers. 

The units contacts ring contains 100 .segments corresponding to the 100 units of the 
sub-.statiouMumbers, and is divided into ten groups of ten each, the similar contacts of which 
groups are connccte<l together ; that is, the No. I contacts of all the groups are intercoii- 
needecl and. similfirly. the No. 2 contacts arc interconnected, to form in effect ten groups of 
contacts whose individual members are interspaced with one another! Each group of 10 
<a>nta(ff.s occujiying thp arc or portion of the units ring corresponds in position wi.th one of 
the segments in the tens contact ring, so that the brush riding on its units contact ring may 
make eonnc'ction with a units contact of any value from 0—9 inclusive, at the same time that 
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another hru^h. makes contact with a segment of any value in the tons ring. Hence, any 
nutnber from 09 mayfbe represented as to its tens and units value hy a brush ritflng 
upon the tens contact ring, in (ionjunetion with the brush riding over the units contaet ring, 
the number so imjicated depending upon the eircumferentiul jiosition of tlie two brushes 
at any instant. • » 

The several segments of the divitled tons ring 104 connect, by cable 185, with tlio device 
termed the “decimal register eont.roller.'' Through tlio latter device the adjustment t>f 
one part of the 4 )rimary connector is accomplishe<l. The 10 interconnected groups of con¬ 
tacts on the ring .105 connect by a wire 119 witli a set of 10 contacts on each jirigiary con¬ 
nector of the several divisions of connecting apjmratus for a similar purpo.se. 

All of the No. 1 contacts of the 10 several groiips are joined to one wire of said cable, 
and all of jhe No. 2 contacts of said grouj)s to anotlier win*, and these wires rejn’esent eacli 
a different decimal valui’ in the units place. Each coune<!tion to a wire of cable 119 may 
be obviously made by simply eoi\necting one of the contacts of the groui) reiiresenting the 
one value. 

.Mounted u})on the plate 127 is a stop magnet 15, the armature of which is furnished 
with a dog adapted to engage' with a erowm stop ring 124, having 190 teeth, j)ro|)crly located, 
to cause the brushes to come to rest uj)on a eotitact segment when the dog is forced down 
into engagement with the ring by the action of (he magnet. I'he blade spring keeps the 
dog normally ru;.sed, but the moment the magnet is excited the plate carrying the dog and 
the brushes come i to rest, although the shaft I til which drives the brus;) structure may 
continue (,o revolve. 

The relays 211, 21:1, 214, whose coil and contact stop circuits are connec'ted with the 
brushes shown in the iliagram, are also mounted u])on the revolving structure, thus dis¬ 
pensing wdth the necessity for feed contac't rings which woidd be required if they were' 
mounted upoti an extr'i'ior fixed sujtport.. Relay 211 is coimeeted to the brush 111 bearing 
•n the lino f-ontact ring 101, and may be o])crated from any sub-.station of a section as .soon 
as the lyush 111 finds the line contact of that sub-station in ring 191. Relay 211 controls 
the action of the clutch magnet 15. and relay 214 .serves to charge tiu' corresponding contact 
for the sub-.station calling on the guard ring 199. 

Decimal Register Controller. —Oni! of the.sc; is used for each section. This device (h) 
acts in connection with the decimal indicator to adjust the primary connector into position 
corresponding to the " tens ' value of the calling subscriber's number, and the s(w 
circuits in cable 185, leading from the ‘‘ tens ” indicating ring of the decimal indicator, 
operate as tests circuits, which deternune the number of impulses which shall be sent by the 
decimal register controller over the win; 187, which runs through all division.s and is taiijicd 
at each primary conncc'tor to the register magnet 2tl thereof. 

The decimal register controller is starteil tlirectly or indirectly in response to a signal 
receive.d from the calling sub-station, and when started revolves until it finds a wire of 
cable 185 rendered alive by contact of brush 114 with tlu' tens ring in tiu' decimal indicator. 
It then begins to send pulses into the magnet 29 of the primary conneetor in the division 
seized. - 

Division Starter. ■■ This device (Kig. 175, c) responds to a cal! or signal from any 
sub-station of a section on which it is located for the purpose of making one of the normaily 
idle divisions of connecting apparatus operative. If 19 sets or divisions of connecting 
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iipparatus are provided on a section, tlie division siarter will hale 10 .start^ig posith)U.s. 
WITen It starts and seizes an idle division it automatically eonjts to rest >i,gain in position 
favourable for starting another idle flivision. when the call comes from amither line on the 
same section. ' ^ 

When any division is in use, the starter is caused to pass t he«!st#.p position corresponding 
to said division by devices operating automatically. But when the division is idle the 
starter stops in position readi for starting said division. ^ 

When the divi.sion starter moves from any of its positions of rest, it jitarts the rolarv 
switch ot,the corresponding idle division by dosing the cireiiit. of the (jliitch or starting 
magnet for the switch or otlier portion of the division. The division startt-r is .started by 
means of a clutch or .stop magnet Ifi, brought into op(>ration at about the time the decimal 
indicator comes to rest. H'or this purpose the eirenit of the clutch magnet Hi may be closed 
by the line relay which responds to a call from any sub-.station of the scctiofi. 

Sub-station Apparatus. .\( each sub-slation an automatic sjirnjd transmitter is 
provided for setting the eentral .station apfiaratus into position to make conneetioii with 
the hue calk'd. An indicator is used at the snl. station having indieator buttons or 
levers eorresponding to the thou.sands. hundreds. t.cns and units of the decimal system. 
By setting these, to indicate the imniber of the .sub-station wanted, the a|)paratus is prcjiared 
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so that the. signal traifsinitter will antoinatically send the signals required for making 
connection with.rte line tc^diich the number indicated is assigned (P'ig. 178). * 

The switch and the signal transmitter are so constructed and combined that the switch 
cannot change its positif>« w'liile the transmit.ter is sending the call, and so that also tin* 
i^ignal transmitter cannqt siend its signal if the switch is out' of proper j)osition. Also the 
signal transmitter is designed to send an initial signal in the manual ojK’rution of bringing 
it into action. P'ig. 179 shows a gctuTal view of a subscriber’s instrument. 
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Section 74 

THE AMERICAN AUTOMATIC TELEPHONE CO.’S SYSTEM 

' • , • 

Unlike the otlier systenis (le.-erihefi, which use a dial w'ith toy points only, this uses a 
dial with 50 points, and the switches also have !i0 points, and have rotary motion only. 

The dial is marlcc'd with both letters and lignres. The letters advance in^value by fives, 

A beinj; 1 impulse, H 5 impulses, U 10, and so on to the last letter, which rep^'esents 45. The 

figures I to 50 call the two final digits, 
anrl in one case are translated so as to 
call into the. second half of the hundred. 

Si.v call-tinders are assejeiated with 
a group of 50 calling linwi. 'fhe selector 
banks are divided into 10 groups of five 
sets of h'rniinals—five lines to 10 groups 
of 500 lines. The second selectors find 
the i)articular group of 50 lines, and the 
connectors find the partierdar line in the 
group of 50. 'rile .selectors are called , 
by letters, only the oonneetor being 
o^HTated by a nunilipr call from the 
dial. ‘ • 

Th(! selector ami conm^etor are 
geiK'i'ally similar in eonstruetion. Each 
has a level of three terminals ami 50 
sets of such terminals in the arc. 

Each line has a line lind eut-ofj 
relay, the former when energised by the 
nmioval of the receiver to call completes 
a starting circuit which gives the call 
finder its first impulse, the further 
impul.ses depending on the eireuit con¬ 
dition of the tabs with which the wipers 
make C(.)ntact. Eig. IfiO shows two 
views of a connector. The wipers are 
moved against the tension of a coiled 
spring 20 by the motor magnet. 

'J'he ofX'.ration of the circuits (Fig. 

1S1) is as follows :— 

When the receiver is lifted to caD, 
a cirimit is completed through the line relay LR as in the manual (J.B. system. 

A circuit is tjien conifileted from earth through front contact of line relify LR through 
motor magnet M, battery and earth, ami. in parallel, slow-acting rclaj^SA, which is in .series 
with \^inding of connector relay A to battery and earth. , • 

• The motor magnet steps the answering connector AC wipers from normal to the first set 
of contacts, in its search for the calling line. 
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* The Hhiw-acting relay SA is retained if the first line is idle because a circuit is completed 
fAjm earth on conta^l; of line relay LR, contact stud anil wiper a a', front contact*and 
winding of relt^’ SA and winding of relay A to battery. Relay A cuts olf relays C and i) and 
battery t» previpit inteiferiuice and clicking whilst wipers are jiassing over intervening 
icontacts. , • 

Also there will be a circuit from earth on back contact of line relay, contact stud and 
wiper a a', frynt contact of relay SA, motor magnet .M to battery, so that the wipers W'ill be 
moved to the i]^‘Xt set of contacts. 

If the second set of contacts ap|)ertain to the line calling the motor magnet will come 
to rest as therh is no earth on the back contact of the line relay. 
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Relays SA and A arc likewise de-energised. With the first movement of the wijier the 
ujiper off normal spring f is put to earth. 

The following circuits are now established : Wire ~> has been e.xtended by contact and 
wipei' if d', upper contacts of A and R relays, through winding of relay (I to earth ; wire 4 by 
contact and wiper c c', by lower contacts of A and B relays tlirough winding otrcIay^D to 
battery and earfli. Relays (’ and 1) are therefore energised and 0 also causes relay R to,bc 
energised. The cut-off relay C't)R of the calling line is energised and cuts off the lino relay 
LR. the circuit being from earth by left-hand contact of relay SA. wiper and contact b'h 
through winding of (fOR to battery and earth. 1’he back contact of the line relay is a§ain 
connected to earth. . 

The caller now revolves the dial switch l>S which intermittently opens th* circuit and 
correspondingly de-energises relay HI) intermittently. Relay (’ is slow acting and does not 
respond to t/le impulses. 

Relay 1) as it dif-cnergises coniylef<es the circuit intermittently through the motor magnet 
from earth through winding^M, through upper contact of relay IX* front fewer colifact of 
relay C to battery' and earth and the wipers of ('(' are stepped according fo the number of 
impulses sent. 
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^Th(? first rnoveinont of the calling connector CC cuts earth off relay E, but^i.- it is slow 
acting it is retained by the circuit through upper contact of E an<’ contact'on D to keep the 
circuit to line open to prevent clicking and interfeienec from generator. «When relay D 
ceases to pulsate E is de-energised. 

Will'll the wipers come to re.st (if the line is ilisengagcd) a cii'cnit i.s completed tlu'ough 
the cut-oil relay from cart h by bottom outer contaci of E by short wiper and stud/j through 
('OK to battery and earth and tlii; line relay is cut oil'. • 

The generator is connected fo line through the njijier contact nearer tore of relay (', 
lower back contact of relay K, upper back contact nearest core of relay S through middle 
wifier and contact k'k to lino, through bell and condenser, by other wire to contact and long 
wiper w m', back contact of middle U 2 )])cr springs relay E. upper back contact I'elay H to 
generator. , 

As the circuit of relay H is from earth In' lo«er contact nearer core of relay E. lower 
front contact of relay 1) through winding 11. back contact of relay E. interrupter 1, battery 
and earth, the generator current will be applied intermiftently to line. 

When the subscriber answers, a circuit through coils h' and (! is completed through the 
telephone and relay h' is energised (when relay K has intermittently closed the circuit). This 
cuts off the ringing current and completes a circuit as before through winding H but to battery 
without interrupter and the line i.s joined through by the under coutactr if ri lay H. 

Current to energise t he microphone of the calling line is then fed throiigii‘relay windings 
C and D and that Yor the called line through E and (i. 

When the calling subscriber replaces his receiver the circuit is opened and relays (I ami 
D are de-energised. 

A circuit is then completed through the reli'ase magnet RK, from earth c' at off norma 
.spring/' of calling conneetor, upjier outer l•on(acf of relay (', through KK, internijitcr 1 ti: 
battery and earth. The conneetor i.s therefore returned to '/ato. The generator circuit i.'- 
broken at relay C whilst, the wipers jia.ss over (he contacts. 

There is also a circuit from earth contact, oil normal spring of call finder, throiigl*right- 
hand iiack contaci of relay SA, upfier outer (contact of relay (1. t hrough relay B and releasi' 
coil K in fiarallel, interrupter I to battery and earth so that (he call Under is also returned to 
zero. Relay B cuts off liattery through ri'lays (' and I) to prevent interference whilst wipers 
are jiassing over contacts. 



RELAY SYSTEMS 


The building-up and connecting is carried out entirely by relays. 

A link method of connecting (equivalent to a double cord arrangement in 

manual practical is used. 

« 
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NYA AKTIEBOLAGET AUTOTELEFON BETULANDER, STOCKHOLM. 
THE REEAY AUTOMATIC TELEPHONE COMPANY, LIMITED, LONDON. 

The British system is based on the Betulander. 




fiUlUJOOUf 




AIIT()MATIC 


TELEBIION-E SYSTF^MS 


Section 75 

THE RELAY, AUTOMATIC TELEPHONE CO.’S SYSTEM 


Relays, onl}’, are tii!««l for all switetiinf» operations. 

A connection between an oulfioing and an incoiniiifi; lino is completed over a link. Tho 
link is a shott conneetinp cironit wliieli, on one side, eonneots with th«" inoominj; line and, 
on the other, cynneots with the out^oiiif! line. It is thus ecpiivalent to a doid)le cord circuit 
on a manual ecpjipnienl. • 

The coniftH'tion to an idle line in a plurality of outgoing line's in a group i.s determined 
by a self-searcher in eombination with common a])])aratus. 


Links 



f 
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Jank-coiinecting is shown diagrammatieally in Kig. IH2, in which «. «, represent sub¬ 
scribers’ incoming lines : />, Ik links ; e, c, outgoing trunks ; and (L d, incoming trunks. 
The subscribers arc usually arrang('d in sub-groups of 10 linc.s. The 10 lines of the sub-group 
have access h) six links usually. Each Midi has access to one or two, usually two, outgoing 
trunks, and the same number of inc( ming trunks has access to the links for incoming diills. 

Each subscriber's line is, tbercforc. eciuipja-d with six link-connecting rdla^s, by which 
it may be connected to any one of tlu' six links automatically, at the preselector or predigit 
stage. • 

Each link has four relays associated with it. by which it may be coTmected with one oi 
otiier of two outgoing, or one or’othcr of two incoming trunks. ^Each Ihik is, therefore, 
inultiiiled over 10 subscribers’ lines and over, say, two outgoing and two,incoming tr'uik.s. 

In diagram, J'’ig. 1H2, each make contact rcjirescnts a relay. When a relay is energised. 
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<jii ii call being made, the eoiitaut'ls closed. If, therefore, contaetVt3' and coptact c3't)e 
closwl, subscriber No. 5 will he joined through to the outgoing 1)|junk c3, «r, if contact o8' 
and contact </9 be closed, subscriber No. will be connected over the incoming line £^9. 

'I'he method of determining which link-connecting relay is‘to Ire utilised for uompleting 
a connection is shown typically in Fig. 183. « ^ 

It', R2, R.3, and HI', H2', K3', represent relays associated with two subscribers’ hues, 
three only being shown instead of six. , 

A eircuit-det<;rtnining relay ,VI is associated with each link, and a wire from each line- 
link relay H in t he same level (c.f/., H' anil HI') is connected to a normally insulated contact 
on relay M* • 

The circuit' of tlv .M relays is so arranged that the M relay jiearest the base is lirst 
energised over circuit 1, then, if that is in an open circuit, by contact c being open, and, 

therefore, unem*rgisaltle, the 
second .M r'elay is energised 
over circuit 2, and .so on. 
When the contact K is closed 
all the vertical row of relays H. 
are connected to earth, and 
the jM' n-lay energises, hut H' 
only is energised wer circuit 4. 
If the lower Ipik is hu.sy the 
contact' f will be open (by 
means not shown) and M2 will 
energise, and .so on. 

I’ltc circuits of six relays in 
a vertical row will be jiartially 
completed by contact K, and 
10 relays in a. horizont!|,l row 
will he ])artially completed by 
a relay M, but only the relay 
It at the jioint' of intersection 
will energise to conijilete a 
conneetion between a calling line and an idle link. When a call is made eipiivalent action 
'to tliM' of ^•ontact K occurs, such circuits being comjileted momentarily, but a holding 
circuit corres])ondiijg to circuit 3 is established to maintain the connection. 

When a receiver is lifted the calling line is automatically extended, by the pre.scleetor 
group of ri'lays, to a so-ealled rcamter. Each line has access to a plurality (usually two or 
three) of recorders, which are common to, say, IIK) subscribers, the exact number depending 
on the traliie. The recorder receives the impulses from the dial and, according to the number 
of iiniiulsi's iji'the digit, builds up a circuit corresyxmding to the digit which, by means of 
a marler relay, initially energises the called subscriber's line relay, to start a backward 
selection to connect with the calling line. 'I’he recorder may respond to one. tVo or three, 
or even four digits, before establishing the initially energising circuit. ISic marker, which i.s 
eugaged«for one-'tenth of a seconil per call, is common to a 1,000-linc grou[). . 

y'he recorder is not directly associated with the caller's line until the first impulse is 
sent. 'I’wo parties calling at the same time are exti'iided to the same recorder, but the first 
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imj^ulse sent will deterihiiic with « hic‘h lino it is to he ilirectly associated, the second calling 
line then being tiunsferredYo another n'conler. ' 

In ati exchange of 100 lines, tAvo-digit recorders will he ns(‘<l, and tens marking rc ays 
will then (sxtenfl Uic initii’illy'unerj;ising circuit to tlie desirt'd suh-group of lines. 



In a system of 1,<MM) lines, a. three-digit recorder will call into any group of IhO lines, 

hv means of hundreds marking relays. >. • i • 

group of from 4(t to SO trunks (the niimher dej)cnding on the tialtie) is u.scil, m common 

to connect into the group of 1,00o lines. 



In the lecordcr a nndf lelay energises at the heginning of the impulsij, and a break 
relay ((ircviously energised) dc-eiu'rgises at the termination of the impulse, a^id connects 
the iinjmlse cjrcuit through to the next relay. 

Relays .-These.arc shown in Figs. 184 and IS.'i. In the former tlu; relay is shown in its 
normal or de-energise.d condition, add in the latter in its energised condition. The ar!,naturo, 
in shape, is practically a right angle sus})endcd on the end of the core magn.;tic-rotnrn plate. 
Between the core end and the armature a tongue of non magnetic material is suspended to 

















2.V2 TFIK HELAY AUTOMATIC TEI.EPHONK CO.’S SYSTEM 

* ■ * • 

j>re\^fnt the- two tiia$;tietic faces toiieliing, and to regulate the travel of the arnjature. The 
sol(J<iriiig tabs have a flat ring-shaped end, so lliat tliey can l)e tl^eaded over the core, or*an 
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<^\1 (Vision of tlie core, fioni wliicli they are hisulated. Tlie necessary number of tabs are 

.sejiarated from <^aefi other by washers as shown. Tlie 
contact pressure of Itie s|)rings (make- and break) is 
l .{ ounces (:{;") grammes). 

Such a relay allows of wide variation of the dial 
s]>eed. 

'J’hc I'clays arc wired in units in the faetorj’ and 
are connected to strips of soldering tabs. 

Thermostats.- These are introduced as timing 
devices to ])revcnt cotnmon apparatus being held 
longer than a j)redetermined peiiod. They are, also 
used as current iutetrupters. The heating part consists 
of ^)imetallic strij) on which wire is wound and eonneeded to* a control circuit. They can 
'be adjusted to operate at any desired |)eriod of time. A .special feature of this design is 



Km. lK(i. Tm;uMo>T.\Ti( 
Dcvick (’mei'iT At- A. 'I', 























254 


yUE RELAY AUTOMATdC TELEPHONE CO.’S SYSTEM 

that tile adjacent oj)eratinf; .springs are also made from liimetallitf strip, so that all ^re 
equally affected by variations of temperature of the surrounding*|iir. • 

Fig. ISC shows a thern)ostatie timing device circiiit'to give an audible or lamp signal 
when an abnormal condition has e.xisted for three mitiutes. Thi.‘* result, is oVtaiped by the 
interaction of two relays and the thermostat. I’he circuits are «\vnibered in the order wf. 
operation, and will be readily followed without, detailed descriptive matter. The the,rmo,stat 
opc'rates twice, once to energise relay K2, and on de-energising to oj)erate relay 114. On the 
second energisation, the seeonil winding circuit of the differential relay Ii2 j,s c-ompleted to 
d(!-energis(; K2 when the alarm circuit 8 is completed. When the fault removed, or the 
circuit opened, as by the switch 8. circuit r> is o])ened. and J{4 de-energises do restore the 
device to normal. • 

'Trunking Scheme of a 1,000-line Exchange, hi Fig. 187 is shown sueli.a scheme 
in which one line indicates a circuit. 

This relay system differs from all the other systems desci'ibed in that the line switch unit, 
or jireselector, is common to both outgoing and incoming connections. A distributing board 
is therefore provided, so that the tralliii may be regulated in both directions. 

Connection is made to a group of l.OOd lines over a eomnion group of trunks, the number 
dejiending on the trallic requirements. 

Tile common recorder takes in and stores the impulses of the three digits of the called 
number, and aftiT the last imj)uls<' has been received, an initially cnergisiftg circuit (the 
marking circuit) fnomentarily miergi.scs selecting and connecting relays do establish the 
connection from the battery f<‘ed to the called subscriber, J'inging current then being applied 
to the latt<*r. 

On this diagram the ndays are indicated by x's at the intersection of lines between 
which connection is to be made. Reference is made to the corre.sponding relays tin other 
diagrams by the use of•.similar symbols, so that, they can be readily idcnt.iliefl. 

Detailed circuits of the suRseriber's unit will be found in P'ig. Ih7, and its circuits in 
connection with the system in P'igs. 188 and I8!t. • 

The, outgoing trunks pa.ss thrtiugh a. cross-connecting lield before they connect with the 
feeder units (Kig. IhO). Connections are then carried to the reeorfler-connector and recorder 
(Figs, lift and li)4). What have been called first, second and third links are then connected 
to. and these are described with their operation in .Fig. l!»8. 'I’lie so-called third links are 
<■xten 4 led to the ringing units (Fig. I!t2). The incoming trunks then j)a.ss through a cross- 
connecting held before being connected to the subscribers' unit (Fig. I Sit). 

• As will be .seen'froni Fig. 187, and as has ah'eady l.icen jiointed out, the .subscribers' lines 
are arranged in ,‘<iih-grou])s of 10 lines, incoming calls to a sub-group being controlled by one 
common relay, and the outgoing calls by another. 

•Each sub-group has access by six /iw/'.v to 12 outgoing and 12 incoming trunks, each link 
having access to two trunks each wa_\’. 

'J'hese ofitgoing and incoming trunks are multipled on a jtlurality of sub-groups so that 
t hey imiy be used in common to, say, 100 lines. 

Should, e.^., t lkc tw'o trunks by which a link has outgoing access be in use at another 
sub groty), that Jink, is not available for outgoing calls. • 

The small size of thh sub-groiqis and the limited acee.s.s by ludes makes it imperative that 
i> series of busy lines should not be in the same sub-group. Distributing facilities are there¬ 
fore provided as shown. The " out trunk cross-connecting field ” allows of rearranging the 
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lin^s in one ^direction, alid tiio *' in trunk cross-eonneoting field for rearranging them in the 
otlier, as the calling rate line varies from time to time, so that the calls from or to a suh- 
^roup do not rise above a preiletetmined figure. 

The rfpw^.rii are coiiMUoli to a gryup of lines. When associated with tlie feeder gioup.s, 
shown, two or three piay serv^e a group of 1<M> subscribers, according to the calling rate. 
A remrder-connector is, however, associated with each trunk or feeder. 

'J’he itMi'l^er is in turn common to all the recorders of a l,0()(i-line group, usual y one onl\ 
being provided^!! sueli a group. Each hnndretls marker relay, therefore', controls access to 
100 s\ib.scribcrs' j^ines. 
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Section 76 

COMPLETE CIRCUIT OPERATION OF A 'THREE-DIGIT SySTEM 

Fig. 188 shows IIk- connections tlirough the calling suhscrilvy's preselector unit, aacj 
Fig. 18it the same for the called subscribers’ unit. 

Fig. 190 shows th(' battery feed foi' the calling and calltxl lines. Fig. 191 the circuit 
through the coniinon group of trunks giving access to 1.000 lines. Fig.^192 shows the 
ringing unjt. 

Fig. 19:! is Ihe recorder-connector which is associated with each feetler Knit. Pig. 194 
is the recorder which is common to a plurality of subscribers' units. Fig. 195 shows the 
marJcer relays which are common to an f)fliec of 1.000 lines or less. Fig. 190 shows a repeater 
which may be introdia-ed at the in<S)ming <'nd of trunks at a s('cond office. The whole, wilh 
the exetjption of Fig. 19<i. show the conmsOed circuits for a 1.000-linc exchange. It is to be 
noted that the ligure I is not. used as the initial digit of a number, and that if 1 is called, the 
connection is released. This eliminates trouble from spurious impulses which may be scut 
by accidental movcnu'ut of the switddiook, or other opening of the circuit. 

The circuits are numbered in the order of operation, and arc as follows :— 

1. When the receiver is lifted, relay R' cuergi.ses. 

2. 'I’he eonunon outgoing test relay K2(()Tr) energises. n 

:i. Link marUing relay LM' energises if the first link is idle, and outgoing tnmk-con- 
necting relay l!.‘!'(()T(') cuergi.ses. ' 

4. Kelay H4(L(.') energises in the initially energising circuit. 

.5. The loop is extendeil to the impulse nday 115, wdiich energi.ses. 

(i. (hiard relay 1!G energi.ses. 

7. kSecond guanl relay K7 etiergises. 

8. Holding circuit for relays lit and K:!', in which relays Its and K8' energise. ^J’lif', 
ditfeixmlial relay KR8 does not energise. It8(('()) ojiens circuit. I. and R' d('-('ncrgises. 
Circuit 2 oj)cn, and 112 de-energises. Circuit .‘i o[)en. and K3 de-energises (lt;i was held 
energised over circuit I!' after R8 (mergised). Circuit 4 o])en. Circuit 8 is also opened at 
H2 and R7. The coiriinon apparatus is thus free for other calls. The meter is biassed 
again.st the holding current. 

8'. Balancing circuit for relay F.R8. 

!t. Laig}) Lit circuit. 

10. Circuit through relay FICO, of lecorder-connector, prepared. 

11. Rll(HHS) energises (slow to de-energise). 

11'. Circuit (smiplcted through thermostat winding. This is the beginning of the pre- 
fh-termined period in which the connection nin.st be complett'd. 

12. Impujsc circuit extended to the recorder-connector through the two windings of 

the dilfereniial relay B.57. R12(F') energises. 

i:^. If the first recorder is idle, H.i:!(F) and Ri:!'(HC') energise. If two subscribers call 
at the same time, both will be in parallel on this recorder, but the first to dial art impulse will 
associate the ieconfer directly with his line, ami the other will b<( transfrtn'cd to the next idle 
recorded. t _ , 

M4. Circuit 19 is switched to circuit 14 by relay R12 energising. R14(FIC0) energises 
and o])t'ns one of th(' parallel paths to R12. 
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*15. R12 energisin4t connects battery to tlic recorder. All 1115 relays (BKl to 0) 
errt-rgise. ’• * * 

Hi. R16(DJk!') and RI(i'(D( '2) Viiergi.se. 

17. AUemat^e circuit fdr Rl<i aijd UK!'. 

18. R18(RRR) energises. 

19. Lamp L19 glows. 

20. R20(JI1K') energises. 

21. Holding circuit of R20. .RI5(BK') de-energises as the iinjnilsc circuit is open at 

R12{F'). , . 

The hundreds di^fit ivipulse.-t are dialled. It will be a.ssunicd that No. 247 is being 
called. * 

On the first break of tbc loop 115 de energises. (Jirenit 12 is open and 4112 
de-energftics. 

22. New holding circuit for R14 in which is the retaining winding of R12'(RC') to 
associate the recorder directly with the caller. Holding circuit f>f R12{1') and winding of 
I122(BY), which energises and opens circuif. 12, so that no other caller can have access to 
recorder Nf). 1. (.'irenit 20 is open, hut. is replaced by circuit 21. 

22. At the end of the impulse, 115 energises and the impulse circuit 12 is extended by 
circuit 22 and R22(,MK2) (>n(;rgises. 

24. Holding circuit for R22 in which 1124(1X13) energises. 

25. If only one impulse is sent, R25 (slow Is) ent^rgisc*) cnei'giscs over circuit 22 If 
, t liere is more; t han one impulse, 1125 has not time to energise. 

20. If 1125 energises, then R20(SNB) cnergis(\s, opens circuit 22 and releases the recftrder 
and its connector. 

Should more than one impulse be s(>nt. the second opening of tin- loop causes R5 to 
de-energise to open the impulse circuit 12 - 22, when relay BK2 de-epergises. (-'ircuit 21 is 
s)j)en, ami 1120 de-energises, and BK' de-cncrgiscs over circ'uit 15. 

27. When the loop is again closed, 115 re-energises, circuit 12—23 is completed, and 
R27(MK3) energises. 

28. R27 is maintained energised over 2.S—24 anil BK2 de i-nergises. 

b'or additional impulses relays .MK and BK 4 to 9 and 0 operate in a manner similar to 
that described. 

When the hundreds impulses are completed, 115 remains energised, and R2.5^D(.'') 
energi.ses in circuit 25. » 

29. The hundreds relay R29(1I1)5) energises and ojiens circuit 10» R10'(l)(12) ayd 

lllf>(l)]Vr) de-energise a>id open circuits 2(> and 29. Ail the MK relays de-energise, and 
all the BK relays energise. I)f'2 and IKJ' de-energise. 

" 30. RIO' re-erierglses in series with R20(I)]V12) over circuit 17—16 - 30. 1)02 oyer 

circuit 21 connects earth to the jMK relays. R20(MK') energises, and is hyld as before. 
BK' is transferred to and held over the impulse wire as before. 

31. Holding cu'cuit of 1129. 

The. k.n^digit hnpiiheii are venr -^eul in. The digit to be called is ■^. These impulses 
operate the MK aifd BK relays,,as before. MK4 and MK5 are eperg^ised and BK4 
de- energises. 

After the impulses R25(D0') energises in circuit 25. 

32. The tens relay R32('rN4) energises and opens circuit 30. R30(DM2) de-energises.. 
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aii(i circuit .tO is extended to J)M3, wliioli energises. 1)02 de-energilos and all 3IK relays. 
All fiK relays energise. R24(U('.‘{) de-(5nergises. R2r)(r)C') de-e*jergi.ses. 

33. Holding circuit of R32. 

34. Rl(i'(DC2) energises and earth is connected to the MK" relays. MJv' energises and 

BK' is transferred to the impulse circuit. 1).V13 energises. • . 

TIi<‘ anils impvlstis are now xc.nl in for dujit 7. MK and BK relays respond as before, 
and MK7 anil MKS energi.scs and HK7 (le-eiiergises. 

After the impulses R25(l)('') again energises. 

3.'). R3r)(,MC) (iiicrgiscs. 

3(i. Holding circuit for R3.7. 

37. Holding circuit for relays lO', 0, etc. 

■•38. R38(HI)M3) energises, and totalising meU'r energi.scs. 

3!). R.3!i(.M(^X) and R3!i'('riS'.M) energise. 

40. Holding circuit of R3!(. Circuit 1.8 is ojiened and Rl8(RSR) de-energises slowly. 

41. 1{4I(()TM) energises. 

42. Initially energising circuit through ditferential relay MOO and R26(iSNB). (ialled 
subscriber's line relay R.42 and te.st relay R42'(ITT) energise. 

43. iSecond winding of dillerential relay, which jirevents its energising. 

44. Holding circuit of R2(5(iSXB). 

Circuits 22 and 37 arc open, and R22, R13 and R13' de-energise. 

'I’he recorder'is returned to normal. 

45. R4.5(OLM) energises. 

4fi. RR40(ri’M), R4(i(IT0), RR4(>'(L.M') encrgi.se. 

47. R I7(L0) energises. 

48. R48(S.S) energises. 

49. R4!l(ILM) energises. 

50. Holding circuit for relay U40 (other ILM relays cut off) if the first circuit; is idle. 

51. R5J{OL('), R51'(LL('),’rR 5I(IL0) energise. 

52. Holding ciivuit for R5J. R5I' ami RR51, in which .R52, R52' and RR52 energi.se. 

R52 opens circuit 45, and R45 de energises. R.52' opens circuits 40 and 49. R1152 opens 

circuit 40, but 1140 is held energised in circuit 40'. 

53. Holding circuit for R40, R47. in which R.53(LB) and R53'(00) energi.se. The line 
relay R42 de-energises. Itrcuits 40 and 47 are open, and RR40'(LM') and .RR40(ITM) 
de-energisc. Circuit 48 opens and R.48 de-energises. Circuit 50 open and R49 de-energises 
(pow in open cin'.iit, so that the next call will energise a relay above). Circuit 51 open. 

54. R54(RG) energises and lamj) L glows. 

55. Ringing current to called line and tone to calling line. 

When, the, ealle/1 suhscriher answers R55 energises. 

50. The,short circuit abmd. ROCfR'I'X) is then opened, and that relay energises. 

57. R;i4 (CR is made slow to de-energise) is then connected to the A wire, so that the 

differential relay R07(1N) energises, the other winding being in.sulatcd. Circuit 55 is 
o]>en. r 

58. ROSltiCO”) and RR58(CCO') energises. Rl ](BB.S) de-energisos. Circuit 12 open, 
and R57(liS) de-energl.ses. 

59. R54 is maintained energised in scries with lt59. which energises. 

00. Holding circuit for guard relay RO. 
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* 61. liR58 oxtends'the calfing loop 5 to the speech repeater, and IKil energises. Circuit 
5 is open and R» de-euerglses. 

62. R62(Mfi) energisA. 

63. H^ilding circuit f«r R()2. 

64. R64(MEC0) cn^iigiscs and joins the trunk through to the .Hjieoch repeater. Cii'cuit 
59 open, and R69 and Rr)4 de-energise and join the line through at the ringing unit. 

65. R65(J1") and R60(B') energise in the loop through the called instrument. 

66. Holditi|: circuit for B64. 

67. Battery is reversed to the calling line, to renK>ve the short circuit on^ call-oflice 
telephones and tRc like. 

The talkivf! cirevit in nmv coinplele. 

. To ^reak Down the Connection. -Whei» the calling receiver is repliWicd after •lon- 
versAtioil, B61*de-energises. then 1165 and R65', as the looji circuit 65 is open. Circuit (» 
oj)en, and R6((i) de-energises. Circuit 7 open, and 117 de-energises and opens cirouts 
10, 11 and 68 to release the connection to the called suhscriher. 

68. The lam)) Jj8 i.s short-circuited, and the current through RRs and circuit 3 thereby 
increased so that the meter M8 operates. M8 short-circuits its front winding and RRS 
i.s unbalanced and energi.ses. Circuit 63 is ojjcncd and Rf>2 de-energises. Circuit titi is 
o))ened and R64 de-energises, to totally break down the connection. 

// fhe mlt^d subtscriber had bmii e.nqiujed. When the initially energising circuit 42 has 
been built- up, it* cannot he com])leted, because tlu' called subscriber's tmt-olf relay 53' is 
. energised. R26 will not ene.rgi.se. 

69. R69(.SB) will energise find ojien the two sides of circuit 23, when current will be 
tlu'ough one winding of R57(1S), so that it energises, t^ircuit 58 will he com))leted and 
R58 energise. R59 will energise over circuit 59- 12- 23. 

70. R70(BB) energises. 

71. Ifolding circuit for III 1 and R71. 

72. A busy tone signal is given to the ealling subscriber. 

'fhe dilferential relay JV1(!0 will energise, because it- has current through the winding 
in circuit 43 only. This will o))en circuit 41, to de-energi.se R41. Circuit 25- 26 is o))en, 
and R35(JV1C) will o))en the holding circuit 37—39—38, to release the recorder and the 
re<‘Order eoimector. 

Shmld a line become, faiillt/ and the line relay be eneryined. As no imj>ulse.s are sent 
in the thermo,stat will ojierate and o))en the holding circuit, when the eut-oW relay will 
dc-cnergise. The line relay will be re-a.s.sociated with the line and will energise, lilie 
fault relay F (which is energised in circuit 75 and held in 76) will connect the incoming 
marking wire to an ojjerator or a tone signal, so that a caller will know that the line is out 
of order. , 

The relays DL and. MX of the ree.order shown iinconnerled. 1)L is the de/td-level relay, 
and, when such circuits are required, an under contact f>n R16(1)IV1'), corres]X).'iding to the 
digit allotted to such .service, is opened to the HI) relays and the latter wire replaced by 
a wire to the DL relay'. DL then res])onds to the first digit associate^ with that service 
and completes a necessary marking circuit. 

• The M.X. {Manual Jixchanye) relay is associated with lines ti.’the manual ejJchange, 
and is correspondingly connected at R16, according to the digit allotted to that servicb. , 
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IMPULSE AND SPEECH REPEATOk (Fig/196) 

'J’liif* is usually introduced at the incoming end of a two-wii-e trunk, and would he, 
used in combination with Pigs. 188 to 1!)5 on a four-digit sy,stem. There would he a single- 
iligit impiilse recorder associated with the fccdei' unit and a three-digit recorder associated 
with this repeater. 

The repeater would o])erate as follows : 

After the first digit is called, the feeder is extended to an idle trunk*of the group 
Corresponding to the thousands digit called. 

■R57 will have a windittg connected to each wire of the loop, so that circuit 12 is extended 
to the rcjjeater at the incoming end, and the impulse; relay RR12 is energised. * • 

81. The guard relay 1181 energises. 

82. The impulse cinaiit is through the dill'crential windings of relay R82 to the recorder- 
('onnector ahd ri'corder, as de.serihed in connection with Pigs. 190, 193, 194. 

After the r('eorder has received the impulses of the final three digits, the initially 
energising circuit (42) is effective', as before', tee extenel the trunk to the' ringing unit and tee 
e'onneet the ('alleel subserileer, through the subscribers’ unit, te)warels the trunk. 

82'. The' eadh'd jairty i.s rung and, after reply, llril is cemneeited to the-A wire. R82 
is unbitlanced and-en(*rgis(;s. 

83. Rr>3 anel RR83((X10'' and C(!0') energise. RRH2 de-energises. 

84. Holding earcuit of R83 anel RR83. 

S.^. R85(MPX ) eni'rgises in series with R54. 

8(!. RSO energi.se's. RR12 dc-e'iu'rgise's. 

87. He)lding cinniit for R8(>, in series with one winding of R.lTflS). which eiu'rgise's 
(the' H wire is iusulate'd). The feeder circuit then ojeewate's as described in eonne'etion with*. 
Pig. 190. 

88. Holding eireaiit for guard relay Rsi. 

89. R8!)(ME) e'ueagi.ses. 

90. Holding circuit fear relay R89. 

91. R91(MEtX)) eaiergise's and the calJe'd line' is ('xtende'd to the .speech repeater. RS.T 
iind R.54 de-energise. 

AA'he'ii the' fe'celer has bc'cn connected through to its syeee'ch repe'ater RSO de-energises. 

,, 92. R92(A') cHe'rgises. 

93. Holding earcuif for R81. 

!>4. RfftlR") and RR94(B') eneergise in the loop to the called jeartv. 

, 9.'). Holding circuit for R91(MEC0). 

9(). Pcedipg coil Mite, for calling line', conneeete'd. 

97. HoWing circuit for R81. 

'/'Ac circuit is now in the. talking condition. 

To Break Down the Connection. —When the loop is opeimd at the fe5cder,*as described 
for Fig. ^190, R92 dercuergises, then R94, RR94 and RSllC). Circuits stl and 90 are opened 
and aU relays return toliormal. 
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Section 78 

piRcurr^s OF a Subscribers’ unit, or sub-group 

The subscribers' invit is nicadc up of a plurality of subscribers' lines, which are fitted 
with relays, which are the ecpiivalent of Hue sw'itchcw or preselectors of other systems. In 
a sub-group,of 10 .subscribers' lines, each line usually has associated with it six link-con¬ 
necting relays^ by which connection may be made with six or 12 outgoing trunks, and a 
similar number^of incoming trunks. 

In Fig. U>7 six subscribers' lines arc shown, and are made to represent tlie different 
services that may be obtained through such a unit. The lim* A has.fidl direct sc'rvice and 
js furnished with a meter. B is similar but has no nicter. (1, I). E rcpres(mt an instaljation 
of rtired exchrfhge lines to a sub-station. X, Y represents a two-party line. 

'I'he subscribers' line wires are drawn vertically ami intersect' six links, only throe of 
which arc shown in the diagram. The links are indicated by horizontal lines, the talking 
circuit of the third link being numbered .I at different points. This No. circuit is 
carried over six (representing 10) subscribers' lines, two outgoing trunks and twn incoming 
trunks. 

'riie circuits are numbered to corres 2 >ond with th(' key diagram Figs. I8S, 189, and 
the operation*! involved in a connection are de.scri bed in schedule form in connection therewith, 
fn some cases tjic same jnece of a]>j)aratus is identified by two ditfere’it relay or circuit 
numbers. 'I'he lower numbers refer to an outgoing call Jind the higher ones to an incoming 
call. In Figs. 1H8, 189 the subsci'ibers' unit is repeab-d at th<! (mtgoing eml. and at the 
incoming end of the complete circuit. 

As the connection assumed is over the third link the test relays LM' and i.(M2 arc 
engaged, ami therefore, in open circuit., so that, they cannot (me.rgise, and therefore LMll 
is cnergist-d in curcuit 'i. 

■ lior an outgoing call lt4(Lt') is cnergisi'd to connect tlu^ two vertical wires 5 of sub¬ 
scriber A to the coi-respouding horizontal wires, also marked 0, of the third link. Relay 
R.T(()'r(J) is energised to conm-ct the link wires r> to the A and B wires of the outgoing trunk. 

The holding wire 8 is in [)arallel over all the R4 relays of the subscribers' lines, and then 
passes directly to relay R8'(LB) winding, the other side of which is oonnected in parallel 
to all the windings of the outgoing and incoming trmik-comu'ctiiig relays R:i' and Rtti, 
the one energised then extending this circuit, to the out or in holding wire H. 

MW is the marking wire over w'hich thi' initially energising circuit,is (completed oii an 
incoming call (as, c.g., circuit 42) on lim^ .\, Y. 

'The lines A and B operate in a similar maimer. 

* The lines U, D and E have ii common directory number by which they may be called 
successively, say, for day service, ami have each an individual nuinbor by which any particu¬ 
lar line may be called, as for night working, when one or other of the offices might be clofJed. 

It w'ill be scon that if relay .F on line ( ’ is energised, the marking wire MW is switclu-d , 
through to The line relay of the line I), over circuit a. If (' and 1) arc both busy, the wire 
a will he further exfended, by the wire /», to the line relay of the line E. If the three F relays 
are energised, but one energisation is due to a fault (when the as.“oeiated cut-off relay CO 
will be de-energLsed), a signal will be given at a fault desk. 

For individual calling, marking wires arc connected at the points marked rf. 
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• The. Party-line X% Y .—When circuit 4k Ls extended, as shown, the relay PL does not 
energise, and tl^ comiecjtipn will be extended to tlje teleplione X. Jl', however, cirewit 42 
is extended to the lower^narking.wire MW, the relay PL will energise, be held in the third 
eondiietoj circuit, and tlfee oonnection*l)e extended to the tele])hone Y. 

. • * Special Testing.-^Yith two outgoing and two ineoniing trunks pei' link, if is necessary 
to test all the trunks in a vertical line over relay O'r'n or over ITFI {Pig. I!t7), before the 
second set ottrunks are testcfl. Relays J) and 'rt’H are introduced for this piirpo.se. The 
operation is a.%follows ;— 

Fw an Vail. 

2. When the line relay energises on a call, relay (I'm energi.ses, .and the testing pro¬ 
ceeds as before described. , 

• When all The truidis over the Ol"!’! relay are busy — 

2(c). Relay R2c(TCH) will energi.se, the circuit being over all the back contacts of the 
relay.s LM, and by the return path. 

(d) Holding circuit for relay TCH. Circuit 2 is open and relay O'JTl de-energises. 

(e) Relay Re(0TT2) energises, and the second set of trunks are tested a.s before. 

For an Inrmning Call. 

42. K42(t)) euergi.ses for a call over MW'. 

42'. R42'(1TT1) energises and the LM relays test as before. 

If all the incoming trunks over relay rP'I'l are busy — 

If) Relay 'TCH euergi.ses. 

(d) Holding circuit for relay'TCH. Circuit 42'open and I'lTI de-energises. 

(f/) Relay Rg(J'r'r2) cjiergiscs, and the test proceeds as before. 


Section 79 

A THREE-DIGIT FINAL S'TAGE (Figs. 198 199) 

A grou]) of. say, 00 trunks has access to a group of l.OOO subscribers' lines. 

In the diagram (Pig. 108) each circuit is represented by a single line. 

The incoming trunks, marked IT. are shown in four sub-groups of four lines. There 
may actually be four sub-groups of 15 lines or .six sidj-groups of 10 lines, or the like. 

K.xtending the incoming trunks to the sidjscTibers' imit links arc three sets of Short, 
lines or links, which may be called first, .second and third links, each .set bem^divided#nto 
sub-groups. 

At the^oint of intersection of incoming trunks to first links, a relay R51(OLC) is fitted, 
as indicated by X’». If there are iO lines in each direction there will Be 10U relays at that 
ptjint. Between the first and second links there is only a relay !|J,51TLMy) at e%ch inter¬ 
section of corresponding lines, so that there are only 10 connecting reliiys for each, sub¬ 
group, shown by X’s placed diagonally. Between the seconcl and third links there is agafh 
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a scjuare of 100 relays These thi\d or ineoming links»are multiplied ovef a 

plunflity of subserilicrs" groups R47. T'he third or iiieoming liiaics are coitfiected with the 
correspondiiig links of the suhseriber's unit by relay P.42', whith is enetgised when an 
incoming call is made. '^ • y * , 

Fig. lOS is a diagram of the circuit showing how such an •xrrangement is operated.. 
The t(«ting and holding circuits only are shown, the line or talking circuit being eliminated, 
so as t'O simplify the diagram. 'The actual talking circuit is shown in Fig. 101. 

When a relay P>,41(0’rM.) is energised all the relays 114.')(()LM) of a suh-^roup energise, 
say 10, and each connects 10 wires to a sub-group of 10 links to battery. 

When the relay It42' at the subscribers' unit- is energised (see Fig. lH0)f six of the 10 
third links ai'c extended to six links of the subscribers' unit and a relay, corresponding to 
RH4(j', energises (depending on what links are busy, in a manner described for. Fig 107). 
A corresponding relay P R4()(rriVI) is eiuTgised and completes a circuit 4H so tirtit the common 
relay RtKlSS) energises. 'I’liis completes a circuit 40 to energise a relay ll4tl (in the manner 
described for Fig. 101) so that an R.'51'(LL(') relay at the point of intersection may operate. 

When relay RR.4(i(lTIVI) energised it'connected 10 relays RRoRlLt'), vertically over 
ITM to bal.t(Ty. and the relay R40(fLM). which has been etiergiscd determines which ojie 
is t.o energise over circuit 51. 'I’lm line from RK51 is connected in parallel with 10 wires 
at relay R40, luit only one of these is connected, through Ri51(OLP), to earth at R41(()TM). 
The holding circuit .52 is then (‘stablished and the initially energising ciicuiUdisconnccted. 
This latter circuit, is only establi.shed momentarily. RH52(ITR) establiishes the holding 
circuit 53 for the relays in the subscribers' unit. 

'rhese circuits should be read in connection with the l*cy diagram Fig. 101, in which 
corres])onding symbols are used. 
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Section 80 

SX^TEM OF i'hE* COVEN^HY AUTOMATIC TELEPHONES, LTD. 

Jhis system, tluit of the North Electric MaiuifacturiJig C’om{)aiiy of tlie United States, 
sometimes called the Clement Aiit'omanual System, has heen in use for some years in the 



t'lo. 200 .—Ski.KCToH \.\ 1 ) ('oNN’l'<"lDlt (('. .V, T.. L.to.). 

I nited States, j)rincij)ally as a .seii’i-antoinutie system. It is to he nsed^in this country as a 
fuli automatic system, and is.to he installed in Diindc'e for the Post t*)ffiee. * * 

Complete circuits for this automatie .system are not yet available, huf sufficient is'dis; 
closed in the automanual circuits to show what the sy.stein is capahle of doing and how it 
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operates. The manual features of this system 5re not sliovvn here. Ifut will be (jealt witL in 
the semi-automatic section of Vol. 2 • . ~ 

Fundamentally, this system is similar to the 8trowj£i»r .systenr, in that It uses a two co¬ 
ordinate lOO-line switch as selector and connector. *This switch. l/owever,,ftiake!»the rotary 
movement before the vertical one. 'I’lie j)rincipal ad vantaj;e of tlii.-^i^s that the bank termhials 
(Fig. 201) are on edge and, therefore, jiresent le.ss surface on which dust can accumulate. A 
jierspeetive view of this switch is sliow-n in Fig. 200. The switch takes 10 steps in a rotary 
direction and 11 in a vertical direction, giving an actual cajiacity of 110 linfs. In the con¬ 
nector, ti 4 > rotary motion is for the tens digit and 1 be vert ical for the units.^ 

Among other advantages claimed for this diisign are 

The viTtical rotary and release magni'ts are alike, interchangeable and easily removable. 
TheJirmatnres of the magnets move on adjirstable knife cdgi- Ix'arings. Coiled•jiiano-wire 
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springs return the armatures to their normal jiosition. (As the pitch of the screw-thread is 
.slightly difiiu'ont Inmi the normal pitch of the sjiriiig convolutions, then' results a binding of 
»tJie spring on the screw which effectively prevents the screw from working out). The 
magnet coils arc each bridged by a small flat condenser to jircvent sparking, and these are 
attached directly to the coils by clips. . 

A selector or connector with its associated apjiaratus is mounted on a ribbed steel plate 
(shown in ^''’ijt. 2<>2). 'I’he switch mechanism may be reinov'cd by undoing four machine 
.screws. The connections are carried through contact springs to facilitate this. At the 
bottom of each switch plate there is a row of miniature knife-blade sw'itches^by means of 
which the various circuits may be ojicned or clo.sed for testing purjioses.# 

Aik auxiliary s^ittji (Fig. 203) called a dintributivg'Kimtch^ is used for primary control, 
^uard circuits. f*ar(\'-line frequency selection, key-set registers and sequence determination 
on operators’ senders. 
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This is 20-jK)int 'Switch having rotary motion only, then'; being n<» release or return, 
rifti magnet is iiiterehangeai>le with that on the two-tnotion .swite-hes. * 



Non-numerical or Preselector Switches. The*- 
are ci tlie line-tinder type, but do not hunt. They 
consist entirely of relays. In Fig. 204 is shown an otitline 
of such a .swit<-h or combination, to show the fundamental 
idea of operation. It may not eorrespond in detail to that 
described in the later diagrams. The' switch consists of 20 
rclay.s, 10 associated with a tens digit and 10 associated 
with a units digit. Ten relays close 31 contacts, for 
10 X 3 lines, anil a holiling circuit, and the other 10 
ri'lays close four contacts. The 10 multi-contact rylays 
may be said to have 10 levels of contacts, and from the 
diagram it will be seen that, each level is connected to 
contacts of dillercnt relays on the second .set of relays, 
which are all wired in multi])1e to a trunk line. When a 
four-contact relay is energised the trunk line is e.xtended to 
the wires of a level, and when a multi-contact relay is 
energi.seil that jiarticular line at the point of intersection is 



202. -A (JoNNUiTOH Unit 
Pl.vtk (U. a. T., I/ri>.). 


t'Ki. 20;t —Jn.sTitiucTiNo Switch 
(C. A. T., Lro.). 


ionnected to the trjink. Other nine lines are connected to insulated i^ires [ly the multi- 
jontact relay. Two relays must, therefore, be energised for a conneivtion^ and each^line 
•clay has two contacts for this purpose, wired to the particular relays of the switc/i which 
lombine to connect that wire to the trunk. One talking circuit only can be completed at 
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a time over sueli a switeli. and 10, or other required number fOr the teaflic, are provided, ISind 
nieafis to exteird the code wires from swijtch to switch as they becc^iie busy. 

It will thus l)e .seen that there is no liunting or finding the callfng line, instead, that each 
line has a predetermined code by which the switch isT operated to connect wi«h a galling line. 

Fig. 20.'> is a i>er,spective view f»f tJie multi-contact relay. Jiich contact consists^ 
pho.Hphor-l)ron7.e blade adapted, wlmn the armature is attraetted, To slide up between two 
gerinan-.silver springs. This form of relay has proved most sncces.sful in practice. 

Fig. 20(i shows the smaller or leaf-spring relay. The air-gap is adjustable by moving 
the core in the frame, when? it. is lield l)y a heavy lock niit. The armature c.xtension, which 
causes the movement of the springs, |)oints in the ,same direction as the 8prings,.so that, a small 
air-gap is siifficient. , 

Line 



Tlic a|?paralus is mounted on steel frames in bays or panels. Fig. 207 shows a panel 
20n line and cul-ofl^ relays, two sets of relay preselcnttws and two sots of first selectors. 

The line and cut-off relays are assembled in vertical rows on the lower right hand portion 
of the frame. To the right of these are the relay line-lindors or })reseIectors, These relay 
switches are as.scmbled in vertical rows. The first group .switches with associated relays are 
nuMuted on tiie upjter part of the frame. The first group switch is associated directly with 
the first lint'-finder and is not acce.ssible to other line-finders, assuming there are no second 
line-finders. «• 

At the top is‘fitted an apparatus plate supplying fuse protection and alarms for the 
various»circuitsr • ^ 

.The power |pads to the varion.s circuits originate at the fuse plate, and are carried in 
treated kiln-dried poplar conduits. The loads consi.st of Nt>. 10 bare tinned copper wire, with 
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* * t ' " 

terminal clyis protx'rly’spaccil’for tlie cinntll taps, Eai h brancli circuit ix sujiplicd witli an 
irtaividual cut-oVt and fusovelax' for alarms. Both visible and audible alarms are jirovillLMl. 



• Kii;. —AlLl.Tl-('oN'r\(T liKL.w ((' A T . I,ti> ) 

Second firoup Selector Bays.— Each has a (^ajiacity for 82 .second .select()r.s, two 
plates beiiiy used for fu.sc pr(.itection and interru])ters. 



Flo. 2(i<i.—I.K.M-.Seui.sd llia.w (('. A. '1’, Ltd), 

Connector Bays.-- 1 he unit has a capacity of 44 conneetors. The.sc councctors arc 
tyther for single station lines, or. for 4, 8 or 10 party lines, as they ojierate on the terminal 
per line basis. 
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Secfion 81 

. operation of.the auto-manual system 

^ The opcrat?jr-contr#lie(i niachint’-switching system employs trunking means between 
mmerieal groups of subscribers’ lines, in a manner similar to the subscribers’ controlled or 
lial type of machine switching. The essential variations in the general trunking scheme are 
■he provisions made whereby an operator assumes control of the functions of the switching 
nechanisms instead of the subscriber. The extei.t of the provisions are governed by traffic 
■equirements,, atid the geographical relations between the switching mechanisniR and the*’ 
jperators’ jMwitions. 

Nomjnally, the units of trunking are ; line-finder, first selector, connector, g/econdary 
Ind. tcrtiliry twinks and oj)erators' key.set. Assuming aj\ originated call in a 10,000 line 
(ystem tlie apparatus will operate as follows : — 

A line-finder trunk connects directly to the calling line, without a bunting acting, but by 
fixed preferences due to the numerical position of the line in its sub-group. A secondary 
trunk will then connect directly to the line-finder, with the same indilTen'iices due to its 
numerical position. The tertiary trunk will now connect the secondary trunk to the keyset 
before an idle ojicrator. A preference is usually inserted at this jioint to predetermine 
which idle operator, also which key.set on her position, shall receive the call. The time 
taken in selecting an idk' keyset is about half a .second.* The arrival of the call is indicated by 
a calling lamp, whereup"on the operator deju'csscs her an.swering key and receives the number 
of the called line, do|ireSsing the digits on her keyboard as they arc given. Upon depressing 
the start button current of jireper polarity jiasses ovor the tertiary and secondary trunks to 
a filst s<-leetor associated with the linc-lindcr in use, causing the first selector to rotate its 
vipers horizonfally. The keyset mechanism registers the number of ste])s takitn until 
they eoia'cspond to the digit' dejiresscd in the thou.saods row on the operator’s key¬ 
board, The driving current is now rc'inoved from fhe horizontal fo tlii' vertical driving 
magnet, and the first .selector switch lifts its wupers verticadly, to contacts leading to tlu- 
second selectors a.ssociated with the thousands sub-group in which the called line is to 
be found. . 

Busy se(^ond selectors prt'sent. positive ])otcntial fo the test wi])er of the first selector, 
causing it to pass on. Upon reaching an idle contact, as indicated by no potential, the first 
selector is stopped, extctiding the calling circuit to the idle second selector. 

Driving current is now j)laced to the horizontal magnet of the second selector,Causing 
it to rotate in accordance with the ke_^ depressed in the hundreds row»of the keyset. 'The 
second selector then tests vertically iji a manner similar to the first. The second selep^or 
will come to rest on contacts leading to an idle conneefor, associated with the hundreds 
sub-group containing the called line. , 

Driving current is then placed to the c<.)nnector sw’itch, first rotating y;s 'wipeft in 
accordance with the tens key depressed, and then lifting its wipers vertically in accordance 
with the ulfits key. 

Should the cailed line serve more than one sid)scriber, the ringing frequency switch is* 
t[ien rotated to f he proper kind ot ringing current, and ringing begins immedlatelyj;)y means 
of a rin_ging internipter associated with each connector. 

As soon as the key set has registered the last digit the secondary and tertiary trunlis , 


A.T.S. 
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release, removing the operator's control from the established connection, and permitting the 
secoifUary and tertiary trunks and the keyset to be used by an<»ther line-firder. The tinie 
consumed pcT call by the. switch operating mechanism vaiaes frohi 6 to 10 seconds. 

The calling subscriber controls the disconnect fo); the line»findcr, and first and second 
group switches. The called subscriber controls the disconnect oi the connector switch. 
Either party may free himself at any time from the built-up conn^edion, and immediately 
recall an operator by operating the switch hook. 

The system is of)eratcd on a 40-volt, battery. 


Section 82 

CIRCUITS RELATING TO AN AUTOMATIC SYSTEM 

Figs. 208 to 211 inclusive show the circuits for a four-digit system. Impulsing is from 
an operator s position, but in full automatic j)ractice would be from the subscriber by dial 
in the usual way ; btit the necessary modifications arc not shown. I'hc circuits, however, 
show’ the operation of a jwesclcctor, ftrst and second group selector and a connector, and, 
therefore, give a goyd idea of this system in automatic working. 

'I’lio circuits and their operation are as follows - 

1. Receiver of, say, line 11 lifted, and R' energises (Fig. 2tfS). The line relay is normally 
adjusted to operate through a resistance of 1,000 ohms, but not to operate through 3,000. 
The line relay of)eratos three contacts, two to operate the ])reselcct.or, and the third to operate 
a guard circuit, common to this particular sub-group, which provide a time period for a one 
motion switch, the wipers and bank Contacts of which are denoted as bottom, mUhIh and top. 
This switch serves the following purposes 

(а) Should a calling line fail to he scizi'd by a preselector within a predetermined period, 
the switch will operate and shift the starting wire to the line tinders, ttuis permitting the 
next trunk to limit lor the calling line. An alarm is sounded when this time limit is exceeded, 
or when the group is overloaded. 

(б) It shifts the starting point to line-finders during normal pauses between calls, thus 
equalisTng tlm load and wear on line-tinder trunks. 

(c) it shifts th(j critical point in the line-tinder (^uitrol circuit, and serves to equalise the 
natural preference in line-finder selection, due to the numerical position of the calling line. 

2. Guard circuit R2 energises. 

3. Locking circuit of R2. 

4. R4 energises. 

5. RO energises and opens the normally closed circuit 0. If RO is de-energised for a 
sufficiently long period it closes an alarm circuit to indicate that the calling line Lu.s not been 
seized within the prescribed time. In normal operating RO is prevented from releasing its 
armature because the preselector seizes the calling line'at about the time R6 energises. 
These relays are slow to release, and R4 remains energised for h short period after R2 has 
de-enorgised. 
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0. Motor magnet M(i eifergiseK. 

7. en^giee#!.* ^ 

8. R8 energises and prevent^i tin- continued energisation of tlie control switch magnet 
over circuit 0. • 

0. f*ircHit for eontPol switch magnet, referred to above. 

M6 de-energises, cifcuit 7 opens, and lt7 and R8 de-energise. 

M6 de-energising moves the wipers one step. Due to this displacement of the bottom 
and middle wipers a line belonging to the first, group of lo lines, to which the j)rescnt calling 
line is assumed to belong, cannof.*initiat(' a call unless no call is being initiab'd in the other 
sub-groups oi fines. The lines belonging to the second sub-group will have firSt choice oT- 
initiating calls. This is so bei^au.se. as will be seen later, the tens rela'v^ H10 cannot complete 
the circuit for R13 unless all the tens grouji relays are idle, whereas the .second*tens relay 
*may cwmplettr the energising circuit of the ne.xt HI3 relay, serving the second sub-group of 
lines irrespective of the condition of the other group relays. Dui^ to tin* displaeenient of the 
middle wijier, the primary selector being considered cannot b(‘ selected unless no call is being 
initiated in the group. Another [ireselectop controlled by relay 21' will be selected, with 
preferencepipon the initiation of the next call. 

10. Tens control relay RIO energises. There arc 10 such relays. Their function is lo 
prevent interference,b(^twecn simultaneous or nearly simultaneous calling lines. 

11. Rll energises. The wire 10 to the back contact is common to all the line relays 

belongiuj>to this particular tens grouj): in this in.stSnce, lines It. 12. I.‘( 10 and 10. The 

opening of'oircuit 10, £H*d the like, ])revcnts other tens control relays frota receiving energising 
current from their respective* groups of line relays. 

12. Locking circuit of RIO. 

Earth is conneoted through the wiper and bottom hank coptacts of the ginu’d switch. 

* This is connected t hrough a series loop so that if more than one tetis control relay be energised, 
•that newest to the wiper contacts will be encrgi.s«‘d only, 

13. R13 energises. 

14. Circuit 14 extended to the units control relay 1114 (other line relays of this same 
tens group that may be energised are also e.xtended). I.’hcre are ten units control relays. 

lit. Kl.') energises anrl jirevents other control relays from bt^coming energised and places 
ground to the wiper marked top, which is in contact with a .s/ort wire. 

16. RIC energises (Eig. 209). This is a control relay for a j)artieular line-finder trunk. 
It carries 10 energising circuits from relay R13 and 10 from R14. These wires ara mul- 
tii)led to similar contacts on R16 relays of all line-finder t runks .serving this j^irticular, 100 
lines, but the storf wire only starts the line-finder selection relays belonging to the par¬ 
ticular Une-finder trunk determined by thy position in M'hich the one-way <!ontrol swi^ih 
bappens to stand. 

There are 10 R17 relays associated with each line-finder trunk. Each carries three 
wires from 10 snbs<!ribers. These wires are multipled to corresponding relays of Sther 
switches. There are 10 relays R18. It will be seen that the oi)eration of one R1 7 and on*^ 
R18 will dlftinect a trunk f o one particular line of a sub-grouj). 

17. R17 energises. 

18. R18 energises. 

19. The calling line is extended to an outgoing trunk. R19 tnergi.ses. 

20. Cut-off relay R20 and R20' energise in series. 
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21. Holding circuit of HI 7. 

2.<i. Holding circuit of HI 8. 

R' dc-encrgises and the control circuit is released. 

Hlf) de-energises and shifts the start wire from trte top l)anb to4he next available line- 
linder. The sluggish relay R2.'> ywevents the e.\tension of the .start wire before the coni; 
jiletion of the lino-finder selection. 

23. H23 energises. 

24. Holding circuit of R23. 

2. '>. R2r) energised after Rl<>. 

2(>. Circuit from VON contact to oyierators' desk circuits. 

The oyieration of secondary and tertiary switches to connect uji the operators’ key¬ 
boards wil! not be dealt with here. The reader is referred to Vol. 2 for these. 

When the number has been rcceiveil, .set uy) on the keys, and the start key depressed 
to call the party wanted, then . - • 

30. R30 energises to ojien the line circuit to the (;aller, and associates the energising 
circuit of the first group switch with the iiyiyie. side of the secondary talking circuit. 

31. R31 energises. 

32. R.32 energises. 

33. Rotary niiignet RM33 enei'gises. 

34. R.‘{4 energises. Cinuiit .32 opened and R33 de-cuergises, anil in tun; RM33 and 
R34. ’I’he first grouy) switch has now rotated its wijters one ste]). (kreuit 31 is again closed. 

The first grouje .switch and the register at the desk now step'.hi unison. While the 
sender register is re.storing to nornial the following is taking [ilace at the first group switch 

At the first energisation of R3I, R32 encrgi.seil and retains its armature attracted for 
a short time after tlio <ie-energisation of R.31. I'pon the cessation of the rotary driving 
of the fii’st group switih. the circuit for H31 cannot he reelosed when the relay R34 becomes 
de-energised and K32 de energises. 

3. 'i. R3r» energises. 

3(). R3() encrgi.ses to oyien the circuit to the caller. 

37. \’crtic.al magnet VM37 energises. R34 energises, and in turn ojiens the circuit to 
the vertical magnet, thus causing the first group switch to lift its wiyierc. one steyi. The 
u ijiers d and c are now in contact with the test wires leading to the first .second-grouj) sw itch 
of the. say. fourth thousand available to this jiarticnlar first group switch. Should this 
second grouy) switch he busy, the test contact will ))resent y)ositive hatterj^ to wiyx'r c and 
maivfain tluwlocking circuit 38 of relay R35, thus continuing earth over circuit 37 to the 
vertical magnet. I’yjon reaching an unearthed second grouy) switch, R3,3 de-energises, and 
tlc lirst grou]) swatch wiyiers come to rest and extend the talking circuit to the idle .second 
group switch. R3(), which oyjcned the line circuit while the a and h wipers were yiassing 
over - busy lines, now de-energi.ses. When the wipers were lifted vertically the contacts 
VONl are ojiened. 

39'. 1139' energises and is then held over circuit 39 aiifl R39 energises. 

40. Karth is cpnnected to the te.st terminals of the second grouj) switch to make it 
test busy to othpr .s'jyitches. 

Operation of Second Group Switch and the Sending of Hundreds Impulses 

,E4'. 210 )- 

41. R41 energises over the a wij)cr of the first group .switch. 
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42. 1^2 energises. 

43. Rotary magnet 1W43 energises. 

44. R44 eijcrgises. ^tSreuit 41 is opened and the second grouj) switch moves its w'iper.s 
one step in a rotary <lirecti(Tn. « 

The sluggisli relay R.42 does not de-energise wlien R41 pulsates during the rotary 
motion. When the driving current is removed l)y the sender, R42 de-energises. 

45. R45 energises. 

4ti. R40 (wiergised when the switch Aiovcd out of its normal po.sition. 

47. Holdiijg circuit for R46 over circuit 40. R45 now energises. 

4S. Verfical magnet VM48 energises. R44 energises over eireuit 44. 

Circuit 48 is opened, VM48 de-energises, lifts the wipers one stgji vertically, and tests 
^or an idJe connector, in tin; manner as descrihed for the first grouj) switch. 

4!f R44 energises. 

50. R45 is maintaiiusl energised over the te.st wij)cr and terminals of husy trunks. 
RON contacts are closed. 

51. R.51 energises during the stepping'operations to open the line. L'pon reaching 
an idle eoiHiector R45 dc-(>neigi.ses, tJien U51 and wipers a' and b' extend the talking circuit 
to the cauinector. 

52. Earth to wi^)er d and terminals to busy the circuit. 

* 

Connector Operation and Sending of Tens and Units Impulses (F)g. 211).— 

55. 'riic. seifder fuijf^-.tions as befori' and R55 energises. 

51). Rotary magnc't RAl5t) energi.ses. 

57. R57 energises and opens the sender circuit. This is n'j)eate<l. 

58. R58 energises nftvr R55. 

50. R5t) energised alter R5S. 

Cirtaiit 55 is t)j)encd and R55 dc-energi.ses for a. |)criod long enough to allow R58 to 
de-cncrgi.se. • 

fio. Ijocking circuit for l«51(. .so that it does*not de-energise. 

01. ROl energi.ses. 

02. Locking,circuit for ROl. 

Circuit 55 is again closed and R.55 energises. 

()3. Vertical magnet' \']V|03 lifts the wipers vertically, the interru|)tion of the magnet 
circuit. Ix'ing controlled by the relay R57 over contact 57', as befon'. When the selection 
is com])leted, R55 dc-energiscs and j)rev<‘nt.s tlic further movement of the connector. •During 
the jud.sating of H55. ROl is locked (Tver R58. Cjmui l.he j)crmancnt dc-energisatiofi of 
R55. R58 de energi.ses. then ROl. 

Selection of Party Line Kinging Current.- -R55 is energised, then R58, 

04. R04 energises. 

<)5. (\)ntacts Vt)Nl being closed, the motor magnet of the ringing sele«t(V, .Rj^HlOS, 
energises ^.nd. by the iigcncy of R57, interrupts its owm circuit. The ringing nclector is » 
one-way switch, having three wij)ers and thrc-c sets of contacts, markc^l bottom, mifldlf. and 
top. The bottom cJ^ntacts select tjic kind of ringing current, the cfainect earth 

tft the proper side of the lhn‘ whilst Huffing, and the lop wijicrs arc u,sed t.o restore *he switch 
to normal. The ringing stdector switch is «)ntrolled from the keyboard. After riligiijg^ 
R.55 de-energises, then R58 and R04. 
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Testing of the Called Line.—If the called line is idle, then full battery potential is 
connoted through its cut-off relay to the test terminals. t ** 

06. R66 Ls energised when the lop wiper of the ringing Eelectw ig moved out of its normaf 
j)osition. - • c 

67. The test contact is momentarily to the winding of the test relay R67. 

A busy line presents a positive potential to energise the high resistance relay R67. 

68. nos energises. . 

(>9. 1168 locking circuit. Busy signal given to caller who then replaces bLs receiver. 

When the called line is idle, the test wipers receive negative batteiy and R67 does not 
energise. 

70. R64 presently de-energises and tin* marginal relay R70 energises. 

71. 1^71 energises in series with R7r, and through the agency of R72 cause',the .sue-, 
ccssivc opening and closing of the circuit, whereby the relay R4r71 is intermittently operated. 
This relay rotates a shaft carrj'ing a set of cams, shown as Nos. 1 to 8 directly above the 
motor coil. Its functions are, first, to place current to the called line for a certain period, 
and in so doing remove the battery potentials'from the line circuit ; .secondly, to discharge 
the line periodically, and. thirdly, to j)lace the battery ]K>tentials to the line during the silent 
period of the called [)arly's bell. During one-half of each revolution f»f the shaft the cams 
3 and 4 maintain their contacts (dosed, (ompleting a einuiit from earth, through a 20-cyele 
or a (iO-eyclc generator (de[)ending upon the displacement of the party line‘switch), the 
holtom wiper. th(! contact of. say, ('am 3. the lower armature and back contact of relay R87, 
wiper 3, the asso(!ia(e(l terminal and the bell of the called .station to'carth. Depending on 
the ])osit.iou of the lioltom and iniiMle wii)ers, one of the ringing current generators is con¬ 
nected to the tip Of ring .sid(‘ of the line, whereby one of the four-[mrt.y line stations may be 
signalled, to the exclusion ef the others. 

Catn 6 controls the s(,‘n(ling of a ring back tone to the caller, to inform him that the 
called party’s bell is being rung. Cams 3 and 2 open and close the talking circuit (luring the 
ringing and silent jwriods respectively, and cam di.scharges the line during each revolution 
of the shaft, (lam 8 ensures the return to normal of the shaft. The above-mentioned 
processes continue until the culled party lifts his receiver, or the caller replaces his. 

73. Assuming that the ('.ailed jiarty answers, R73 encrgi.ses. 11.f)!!, R(i|, R71' and R72 
release and also open the cinuiit to the ringing interrujiter, .so that it conies to rest in its 
normal position. 

When the o|)erators controlling e((ihpment is disconnected R30 angl then R3H de- 
enei^i.se. Tl'.',! talking circuit is then complete. , 

When disconnet'tion is desired the sub.scribcrs replace the receivers. 

"Release of the Equipment Controlled by the Caller.- When the calling line is 
opened R19 de-cnergis(»s, then R23. 

/«». R8t) epcrgises. 

81. Ixicking circuit of HSU. 

82. R82 energises. 

83. Release magnet energises and restores switch to normal. 

When the cititclt is restored to normal, and before RtiO has time to de-energise, RON 
contacts ripen the. locking circuits 21' and 22' of the preselector relays R17 and R18, to 
tel'case the calling line. R20 and R20' de-enorgise, .also 1180 and R3f). 

At the s(K:ond group switch R.46 de-cnergi.ses. 
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84. 1^51 energises. 

85. Release ma^ne* ejiergises and restores the switch to normal. 

Contacts RON are ojlbned apd RM de-energises and circuit 85 opened. 

, Equipmeift ControH^d by Called Party.-The connector does not release 

•ifntijl the called receiver is replaced. When the line is open R73 de-energises, 
u selector, with the co-operation of R57, causes the rotation of the switch 

RgMeS unta the top wiper reaches its normal position, when R6« de-enercises and opens 
the circuit 86. • 

. /Circuit 67nr70 is opened and* the COR and R70 de-energise, and the called line is free. 
87. R87*energises. • 

88 -f- 86. Release magnet energises. The connector is restored to normal when it 
/■eaches its zero position, contacts RON are then opened, R87 de-energises and'opcns the 
release circuit. 

Release when the Called Party is busy is similar to the above, but the connector 
automatically returns to normal. 

Tt67 is operated on a busy line, as described. R(i8 energises and is locked over 
circuit ()<). *R73 is not energised, circuit 87 is closed and R87 energi.ses, and completes the 
relea,se circuit when RCti dc-energi.ses, as described. R(>8 is unlocked when the wijiers of 
the second selector leave the connector test terminals under control of the caller. 
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Section* 83 

INTERIM BRITISH STANDARD TERMS AND DiCFINITIONSrf^OR USE IN CONNEC*. 

TION WITH AUTOMATIC TELEPHONE sVst;EMS ** ' 

• 9 

This interim list of terms ami definitions has been prepared #n conjunction with the 
British Post Office, the Telephone Manufacturers’ Association, and the Relay Automatic 
Telephone (.'o., Ltd. * ^ • 

It includes, with a few e.xceptious, only those terms on which agreement has Ijeen 
Veached after correspondence with the American Engineering Standards Comfnittee. 

The Panel is continuing its work and a more complete list will be available at a later 
dat<'. Evtjry effort is being made to arrive at agreement with America in regani to the8<j 
terms before inclusion in th(' British List. 

Terms and Definitions.- -1. A Manual Tclephom tiyutew is one in which the calling 
party gives his order to an oja-rator who completes the call directly by hand cither with or 
without the assistance of other operators. 

2. A Full Automatic {or Full Meehanicul) TeleplMne System is one in whicli*the calling 

party is enabled to complete a call without the aid of an operator by switches remotely con¬ 
trolled. • ‘ 

3. A Sevii-Automatic {or Seini-Meelianicul) Telephone. System is one in whicli the calling 
party gives his order to an operator who completes the call by switches remwtely controlled. 

4. An Exchange {IJ.S.A. Central OJfiee) is a switching centre ^)r interconnecting the 

lines which terminal' therein. , 

.'). A Frimte Branch Exchange {Abhreviation B.B.X.) is a telephone system, inst,alle(f on 
the premises of a subscribef, including a switchboard and extension sets, and connected to a* 
main exchange, affording rnterconimunication between the extensron sets and also^between, 
these sets and the main exchange. • ■ , ' 

(i. A Frimte Automatic Branch Exchange {Abhrenintion l^.A.B.X.) is a private Ifraneh 
exchange worked wholly or in part automatically. 

7. A .Frimte Exchange is one which serves a business or other organisation and is not 
connected to a public exchange. 

H. A Frimte Autoinatie Exchange {Abbreviation F.A.X.) is one which .serves a business 
or other organisation and is not connected to a public exchange. 

!>. fUquiiment is the atitoinatie sw itching plant and its accessories, including the switch- 
boafds used ff>r junction and other manually operatwl traffic. 

10. An 0])eratimj Boom is a room of an exchange in which the manual part of semi¬ 
automatic operations is performed. This term also applies tf> the room housing the switch; 
board used for junction and other manually operated traffic at. a full automatic exchange. 

11. Am Auio Room is a room of an exchange in which the automatic plant is located. 

12. A Manual Switchboard is the })art of the equipment })rovided to enable the manual 
work of the operating room to be performed. 

' 13. ’a Multi-Eichange. System {U.S.A. Multi-Office System) is a^ network of local 

exchanges^. 

• * This list is re|rf*(>duc<Ml*froui BHtish Mtiindard Tenus and DefiiiitiimH for use in conuec- 

iioft with Auloinaiic Telephone SyslA*ins-No. 13(V—1020—by permission of the British Engineering 
Btandards Association, 28, Victoria Street, M.W. 1. 
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14. Svhscriber « Set (f\S.A. Suh-SkI) is an assembly of ap])aratus for originating and 
deceiving telepjione iy conjuncftion with an e»cliange. » 

* 16. A Siibxcriher'n SlSiion ((^.S.A. Sub-Station) is an installed subscriber's set connected 
to an e^^angjL' (Piiblit® oi» Private J?fanch) for the purpose of originating and receiving 
telephone calls. • 

16. A Public ('all Office (f^.S.A. Pay Station) is a sul).seriber's .station available for the 
use of the jyiblic on the [layment of a fee. 'Hie fee may be either deposiUid in a coin box or 
paid te an attendant. • 

y 17. A Subscriber'Line, is tlTe wire conne<‘l.iOii between a subscriber's station and the 
exchange. • ' » •(* 

18. A Direct Line (U.S.A. Iiutivulunl Line) is a subscriber's lin^- which connects one 
subscriber's station to an exchange. It may have one or more extension sets. > 

• Iff. A Pdhy Line is a s\ibscril)er‘s line which connects two or more subscribers' stations 
to an exchange. 

20. A Reverting Call is one betweeti two stations on the same j)arty line. 

21. A Calling Party is one who originat«?S a telephone call. 

22. A^Called J’arty is one who is recpiired by the calling jiarty. 

23. Jiuxy is the condition of a line or apparatus when it is in use. 

24. A Calling Hevice is an apparatus by means of which a\itomatie switches are remotely 
controlled f#r the purpose of establishing a eonti<‘ction. 

25. A Dml is a calling device by means fif w'hich\he calling j)arty controls the switching 

mechanism. • > 

26. Dialling verb " to dial ") is the act of manipulating a dial. 

, 27. A Key Set Call Semlet is a calling device b\' jjfeans t)f which an o})erH.tor manipulating 
keys controls the switching mechanism. 

28. A^'rnnk is the^wire connection between switfdiing devjces in the same a\itoinatic 
exchange-, 'I'lie connection between two exchanges is termed a “ junction." 

* 36. Trunking is an adjectival derivative from the term “ trunk," e.g., “ trunking scheme.” 

30. A Selector is an automatic switching tnachine. i 

31. A Wiper is that |)f>rtiou of the moving m(‘ml)er of a selector which engages with a 
bank contact. * 

32. A Bank is an assemblj of fixed contaiits with which the moving member ol a selector 
engages. Banks are usually multipled. 

33. Impulse Action is the oj)eration f)f finding, l)y means of elcc;trical impulses, the called 

line or group of lines. ^ ^ 

34. Hunting Action is the o|M‘ration of a selector in moving its wiper to its position of 
contact with an idle line in a chosen group of trunks or lines. Hunting action is autompjj,ic. 

* 36. Finding Action is the operation of a selector in moving its wii)er to its position of 
contact w'ith a calling line eoiiTiecU'd to its bank. Finding action is automatic. 

36. A Pre-Selector is a selector which connects the calling subscriber's fine and aif oiit- 

going trunk. u 

37. A ^roup Selector is a selector which choo.st‘s a grouj) of trunks by impulse action and* 

subsequently chodhes an idle tnmk iji the group by hunting action. , , ^ ' 

X 38. A Final Seleclw is^a .scjector to the bank of which are connected subscribers’ lines. 
A final selector moves the wiper from its position of rest to its posrtion of contact by impulse 
action. 
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31). A Private Branch Exchange Final Selector (Al)brer>iation P.B.X^. Final Sekrior) is ^ 
selector which in addition to the standard operations of a final sel^tt>r, finds Hn idle Private 
Branch Exchange junction by hunting action. ‘ * 

40. A Line Finder is a preselector electrically conneete<l so as to ogprate b^finding action. 

41. Level. The contacts of the bank of a group selector, whicjj taken collectively are 

found by a definite impulse action. The contacts in a level are generally (but not necessarily) 
arranged horizontally, (k)ntacts similarly arranged in a final selector arc also collectively 
known as “ lev^fl.” , 

^ 42. A ^egnence Switch is a mechanical device for making a number of eleetrical conttAfts, 

m a definite order. A sequence switch is frequently employed to effect the‘change over 
conditions of selector.'* 

43. A 'Ma.ster Switch is a device which controls electrically or mcchanicaljy or By both . 
means a group of pre-selectors. 

44. The Po.silive. Side or J‘oriln>e Wire ( ' Wire) and Negative Sitle or Negative Wire 

(— Wire) are the wires of a telephone line within the exchange premises associated with the 
automatic equipment. The 4- and — wires are respectively coiuieeterl with the positive and 
negative poles c>f the exchange battery when the line is idle. ' 

4r>. T -dde or T W ire {Tip ride or Tip Wire)nnd It .ride or M Wire (Ring Side or Ring Wire) 
, are the internal wires of a felc 2 )hunc line associated with a manual switeiiboard. “ T and 
“ H. ” wires ai'c connected r('sj)ectively jo the 'J’ij) and King contacts of a j)u;k or plug or to 
corresponding points. 

4G. .-1 ir/rc and'lt Wire arc the wires of a telephone line externarto^the exchange pre- 
mi.ses. 

• • 

47. Telephone Traffic. By telej)hone traffic is meant the number of telephone csdis 
considered in bulk. 

• 48. Telephone Traffic Voit is t he unit adoi)tcd for the measurement of the tratifie carrying 

capacity of telephone {>lant. It is dotiueil by the relation ; * , 

A (Traffic Units) - (' (Calls in a s{)eoitied fieriod) x 'I' (average duration of a*call 
expressed as a fraction of the specified ]>eriod). 

Noth— (a) The “ busy hour " is the “ .sj»ccified jteriod " for ('. unlc.ss ifthcrwise stated. 

(h) In })ractical calculations A bears the three following meanings, each of which has its 
special field of usefulness, viz. ;— 

(i.) A --- total circuit time oceu])ied in carrying (■ calls of an average duration T. 
*(ii.) ^ = Average number of calls originated during the specitieil period in an 
.interval of duration 'I'. 

(iii.) A Average number of calls in ])rogress simultaneously during the specified 
jieriod. 


Tar. \MiiTKrRi.\KS rBii.s.s, lth., u'.ndok ani> toxbriduk. 



Electric 

'■ Automatic 

• • 

Telephone Systems 


Manufactured by the Western Electric Co., pioneers of 
the Telephone industry, arc in efficient operation the 
world over. 

These systems have been produced after many years of 
d^dopment work by our engineers, and»represent the 
most notable contribution yet matl^ to the solving of 
(the evelution of the telephone switching problem since 
the^ introduction of the Western Iclectric Central 
Battery system in i 896 . , , 

The Company is prep.^red to study any given telephone 
area or^ any prarticular exchange and to assist the 
prospective customer in choosing thj^t form of system 
most suited to his particular conditions. 


Moreover, the Company places at his disposal competent 
a^itomatic telephone engineers and experts who will 
assist him in determining the most economical, as well 
as the most efficient, sj'stcm for the improvement ot 
his telephone service. 


• % 

MAINTENANCE REDUCED TO A MINIMUM. 

Western Electric Company, Limited, 

Works: N. WOOLWICH. E. 16. 

AND AT BELFAST, BIRMINGHAM, CARDIFF. GLASGOW, LEEDS. MANCHE.STER, 
NEWCASTLE, SYDNEY. JOHANNESBURG. BUENOS A'.TtES. 
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^Telephope and Telegraph 

‘X3V^V^lV.h3 Engineers^ artd Students.^ 

, AUTOMATIC TELEPHONE SYStEMS. William -ftitkin, 
M.I.E.E., A.M.I.Am.E. 

Vo!, n. of thi** btH)K iv. Ill pjrp.u.itioij, aiKl v\r shall lx glad to aimouiuf H'« publication tc> anv onr mlcrcstod 
as siMni .IS the Ihh>K is frad\ . ^ 


THE THEORY OF THE SUBMARINE TELEGRAPH ANEJ 
TEL'fePHONE CABLE. By H. W. IMalcolm, M.A., Ph.D.; DSc. 

Com I MS. - Matltcinatii al Recapitulation I'hc J'UiHlaiiieiital Cable Constants—'rraiisteiit and iN’i'iodle 
I'lnnonjena. J’urely Penndu Phettomenu -1 he '1 eiephonc (able: TJie Telegiaphic Kqiiatiou and its J'eriodit 
Njiution 'J)ie Methinls of l.oadniK t'ables- Disrontinuitn-s and R'-flcxions - Alternating Ciineiil MeasiiH'inciils. 
I'urcly ! eanstent Vhetumena I he J elegraph ( able : I he leh graphic l-quation and its 'J'ransicni Solution* riil- 
Raft lMa\e{l hy the Signalling Apparatus Sending I’henomena and the Influence of I.eaks. 'I he Methoih of 
I elenrhphu I ransMtssian : Signalling bv Inveise Currents -Sine W.ive 1 ransinission. '1 he future iVogrAs.s nf 
('able I'eleKraphv : Distoition and how it is I’riHhued---I'lesi-nt-day Methods of Overcoming l>ist<»rlioii The 
Duf/lex/dCabU* I he Lt>ad<‘d I eh-gi .ifih Cable. Appendix • Useful Data - Usidul horiinila* T’roperticsof Circulai 
ami H\perboli<' b'unctioiis-- 1 vpes of Core of .s<»tn4-\vh.i\, freipient ()<•(uilencc- I'Jfective Ri'sistance, JndnetainM- 
and Iinped.iiue of St.uidard Apparatus Constants of s<une '1 vpical 'I'l-lephom- ( onduetors Telephone Traii"- 
niis«.ioti I'onmil.e \ni\'dl Current, C able without Apparatus Amv.il Cuiieiit. < 

566 pages. Size51"x8J". Price 23/-post free. 

STUDENT’S GUIDE TO SUBMARINE CABLfe TESTING. 

By H. K. ('. Fisher and J. C.^H. Darby. * * 

t oM I \ ts, l-'x;>lan:ition of '1 erins - Simple '! estmg Joint Resist.nice and Shiin^iA I'lie t\iu'eisal Shunt 
I he (t)nstant of llu“ < lalvaiiometei Absolute Resistant e Insulation Test by Direct 1 telhrtioii-- r.ai th Currents 
Whe.itstom's Itiidgi' lo ( all ul.ite the Stiengtli of the ( uiients in the I’arts of .i V\'ln*.tisl(»iie Hridgt when 
r*alam'<l- I he Measuienieiit of C upper Kesjsi.vue I ap.u itv and Us Measuis'ineiit IheDatterv Me.isureiiieiU 
of its J',.M.b. .iiid Intc'inal Kesisiaiu'e I he Me.isuieim-nt of (j.ilvanonieter Resjsl.uice Correction of Ri*sistane< 
tin I enijx i atiin-- I'relnniiiai \ Keniarks J esls for'I otal Hteaks I he J.ixip'I est - The l-.arlh Dvei l.ip Dlaviei 
lest The .Me.isuieinent of tin-Resistanei'ttl .m b'ai (li. Appendix ' I o tiinl the C urrent in a Wheatslom Bridge 
Tempiratuie 1 ables - (^hiestioiis- .Xnsw.rs Spine list Comieetions of Signalling Insijuments «, timieetioiis 
• >l Wlie.itsione Budge fl)i.il Battein). " ^ 

244 pages. Size 81". Price 10/3 post free. ' 

BEGINNER’S MANUAL OF SUBMARINE CABLE TESTING 
AND WORKING. By G. M. Baines. 

CoN'iiMs.- li.ittei’ies—Dlini’s l.aw - Jtnnt Resist.mee ’I he Wheatstone Budge Biulge M« asiiiements 
liisiil.ition lest b\ Diieet Deflexion- Imlueiut ( ap.ieitv \1i*asuieiiieiit of the Int<-iiial K<‘sistan< c-of a B.itterv 
Measuieini'iit of (he JGM.J*. of a Bafterv ( urreiil Sliengfhs m Wheatstone Btidge listsof Bioken oi l .iultv 
( ables —J lescriptioii of .\ppar.itus. 

^ 174 pages. SizeSpxg.r. Price 10/6 post free. 

‘ COjSmON battery telephony simplified. By Walter ‘ 

. I Atkins. 

rills book Is essenti.illv oin- toi the pi.nlical man and tin modem student. Jhis, the touitli itliiion, has 
b*'t n thorougliK levised :unl brought up to date, m,m\ imMlern metlnK.|s being fuliv illiistratefl and <les( i iln d I lu 
bcHik will be puirlished esirlv m August ainl a iioUlnMlioii sent to aii\ om- mtoM-sted. 

^ ( oi^ri-.NT^- IiUroductor\ - Mam hiame .uni Apparatus RtMun Siibsenbeis’ Switeliboard .Arraugeiiieuts- 

)uiictiousij»Subsi‘nlHTs’Apparatus I estmg Arrangenn uts Mis, ellaneoiis t'lrcmts Appembx I Appendix II-— 
Appendix III -Appendix IV Readv August. 

^ 144 pages. Size 5^" x gJ". Price 8/3 post free. 

Bl^NN BROTHERS, LIMITED, 


8, BOUVERIE STREET, LONDON, E.C. 4 






Automatic Telephone Manufacturing 
I,* Company’s i^rfvate •'Automatic Exchange 

^ ’ •• . (STROWGER SYSTEM). 

Then^areibt preset fifty times as many Exchanges equipped with Strowger 
type Automatic A^aratus as with that of all other Automatic Systems • 
combined: Philac^lphia, the largest Automatic Installation in the world, 
47,000.Telephones, is on the Strowger System. 

Leeds, ths largest British Exchange, is equipped with Strowger Apparatus, 
as are al^ Portsmouth, Blackburn, Paisley, Newport, Accrington, dhepstow, 
Epsom,•G.P.O. (London), etc. * 

Exhaustive tests extending over 30 years have proved the entire reliability 
of ;^trowger Automatic Telephone Equipment. • 
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'IIiIn 25<Llne Strowi^rr Automatic SwItchlMtard IncorporatCK a|)eclal conference 
facilities, and can be adapted for t^ode Call, Watchman's Service, etc. 

We CMii furnish InstalLitions of riny desired rapacity, to meet all conditions o? S(^vTce. 
, l l l.t. l)i;Si RII’IH'h: PAMVIILIW O.V RI'.QURST. 


AUTOMATJC TELEPHONE MANUFACTURING. CO,/ LTD. 

f/K.-ii) o/r/f/'. a.vn II <>7.'Ks . i.onpon oFi'irji: , 

Milton Road, Edge Lane, 60, Lificoln’s*Inn Fields,* 

LIVERPOOL. . LONDON, W.C. 2. 

Telephone No.; OLD SWAN 102. Telephone No.; HOLBORN 170 





















ShmI'-Auto Kxciiangi: at Siockhoi.m for l,ocx) Iani-.s. 


PvBUC KxCHANOIS ARP IN Coi'Rsi- OF CoNSTP^'CTION i'OP lUr. HrIHRII l*oiT 

Oftici;, nil India Onur, ini Socim a Adriai ica Tei.fiom, Romi.» i tc. 

i'rom THK A^ROSSAN 1>RY DOC;K AND SHIPBUILDING CO., LTD. 
Shipyard, Ardrusaan. January 15th, 1921. 

Dear Sirs, 

f havt H« in ^nvnif: /lint mi nihrMpnttnifnltil tih'p/tonr svilfm, ^luh 

iis 14 proi'iiitti hv your peirltiultir waAw, n « iu'(e\Mtv im wo, Urn u-orks. Wtth pjiv hues, here, ur have 
on awntRe of ‘«Wi per week, mt'l il mn euMlv he imoRineil from that how muih hme is 'taved, and 
how mill A tnore prompt «/fnifio>i j*; Rineii to luimnis points flint arise i« the lourst of the Inmness of a 
plaei this %);*•. 

Wifh regarJ to the meihiiuual 1 >/ vi*mi iiislaUalioti, hi baieno faiill I«)/inj Tiil/f i/; if Art*/>rc4ir«/ 
itself tihahle during thi tini, ;. (• ho", hiiil'it, no., sixteen nioiitks, and up to all that 

sUitiil, 


I'rMt EDWAKD BOlliiTKAD & «>. 

•» 

149. l/SadenlMli Street. 

London, K.C.November 25th. 1920. 

Dear Sir, - - * 

The Kelav telephone .SvWi’wi, ,rAi«A Aws now 

been instiiUeJ i»» our tjoulon offiie for some twelvemonths, has Riven us 
mitre salisfiution. 

I he srreue has been uniformly Rood </irf)M>'Anif/, and we have no 
9 hesUatton in saviHf; that, in our eipi'rienn, Ihi Uelax /fjifoiww/jt 
'lelephvne 'system has proved to hi quite the best tn iverv wav. 


From CONTRACT DEPARTMENT, ADMIRALTY. 
Avenue House, 

21, Northumberland Avenue, ' 

London, W.C. 2. January 7th, 1921. 

OenUemen,' > 

I have to inform v('U that the Kelnv Automatu 7 elephone 
SyUem the i'otlege, hreenwnh, is quite satisfactory. 


I rom MESSRS. GEORGE POX tk SONS. LTD. 
St|lncl{ffe, Dev^bury. Slat January, 1921. 

Gem., •' 

• /‘foMi fiiHuarv tsih, njjo, jrArii i‘oii leti out Keloy 

Telephone JnslallalioM, to January i^fA, ly.’i, imlusivqtm 
our meter reRtstered 10,114 I falls. 

/I s »’<»« rtfr aware, only iq lines are in rommission,shuu'iHRan nreiage 
of s’N tails per line for the first year. • 

H V are very pleased to report that we have nal h/^^ne single fiuilt 
durtUR the twelve months, with Ihe eueption of ou^le line Jams, 
whieh were due to the severe gate at Ihe ^d of Januan. ly.’o. 

I he msfdf/afiMii Aiis prwed enttrrlv sMfis/nrfori- tn eivrv respeit. - 

#• 

From THE SOUTH LONDON HOSPITAL FOR WOMEN. 
South Si<te, 

Cl^Intam Ciommon, S.W. 4. November I 8 U 1 ,1980. . 
Dear Sira, • ^ 

/ AaiY pleasure tn slattuR that the^lav A^mattl^ 
Jehphone System inslatUJ at Ihts hospital has given, and if giving, 
entire satisfuetion. HV find the installalion a dended time saver, and 
a convenience from every point of new 


. THE RELAY AUTOMATIC TELEPHONE CO.. LTD., 

Marconi House, Strand, London, W.C. 2. * 
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